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BICYCLIC HETEROAROMATIC COMPOUNDS AS PROTEIN TYROSINE KINASE INHIBITORS 

The present invention relates to a series of substituted heteroaromatic 
compounds, methods for their preparation, pharmaceutical compositions 
containing them and their use in medicine. In particular, the invention relates to 
bioisostercs of quincline and quinazoline derivatives which exhibit protein 
tyrosine kinase inhibition. 

Protein tyrosine kinases catalyse the phosphorylation of specific tyrosyl residues 
in various proteins involved in the regulation of cell growth and differentiation 
(A.F.Wilks, Progress in Growth Factor Research, 1990 (2), 97-111). Protein 
tyrosine kinases can be broadly classified as growth factor receptor (e.g. EGF-R, 
PDGF-R, FGF-R and c-erbB-2) or non-receptor (e.g. c-src, bcr-abl) kinases 
Inappropriate or uncontrolled activation of many of these kinases i.e. aberrant 
protein tyrosine kinase activity, for example by over-expression or mutation, has 
been shown to result in uncontrolled cell growth. 

Aberrant activity of protein tyrosine kinases such as c-erbB-2, c-src, p56lck, EGF- 
R t PDGF-R, and zap70 has been implicated in human malignancies. 

Aberrant EGF-R activity has, for example, been implicated in cancers of the head 
and neck, and aberrant c-erbB-2 activity in breast, ovarian, non-small cell lung, 
pancreatic, gastric and colon cancers. Inhibitors of protein tyrosine kinase should 
therefore provide a treatment for tumours such as those outlined above. 

Aberrant protein tyrosine kinase activity has also been implicated in a variety of 
other disorders: psoriasis, (Dvir et al, J. Cell. Biol; 1991, 113 , 857-865), fibrosis, 
atherosclerosis, restenosis, (Buchdunger et al, Proc.Natl.Acad.Sci. USA; 1991, 
92 , 2258-2262), auto-immune disease, allergy, asthma, transplantation rejection 
(Klausner and Samelson, Cell; 1991, 64, 875-878), inflammation (Berkois, Blood; 
1992, 79(9) . 2446-2454), thrombosis (Salari et al, FEBS; 1990, 263(1) , 104-108) 
and nervous system diseases (Ohmichi et al, Biochemistry, 1992, 31, 4034- 
4039). Inhibitors of the specific protein tyrosine kinases involved in these 
diseases eg PDGF-R in restenosis and EGF-R in psoriasis, should lead to novel 
therapies for such disorders. P56lck and zap 70 are indicated in disease 
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conditions in which T cells are hyperactive eg rheumatoid arthritis, autoimmune 
disease, allergy, asthma and graft rejection 

WO 9519774 discloses bicyclic derivatives of formula (I): 




(I) 

in which A to E are nitrogen or carbon and at least one of A to E is nitrogen; or 
two adjacent atoms together are N, O or S; Ri is H or alkyl and n is 0, 1 or 2; and 
R2 includes optionally substituted alkyl, alkoxy, cycloalkoxy, cycloalkoxy, or 2 
together form a carbocycle or heterocycle, and m is 0 to 3. The compounds are 
said to inhibit epidermal growth factor receptor tyrosine kinase and suggested 
uses include the treatment of cancer, psoriasis, kidney disease, pancreatitis and 
contraception. 



EP0635507 discloses a class of tricyclic quinazoline derivatives of the formula 
(III) : 



an) 



wherein R 1 and R 2 together form specified optionally substituted groups 
containing at least one heteroatom so as to form a 5 or 6-membered ring t in 
which there is a N atom at the 6 position of the quinazoline ring. R 3 includes 
independently hydrogen, hydroxy, halogeno, (1-4C)alkyl ( (1-4C) alkoxy di-[(1- 
4C)aikyl]amino, or (2-4C)alkanoylamino. The above citation notes that receptor 
tyrosine kinases in general, which are important in the transmission of 
biochemical signals initiating cell replication, are frequently present in common 
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human cancers such as breast cancer (Sainsbury et al Brit. J. Cancer 1988, 58, 
458). This citation also states that tyrosine kinase activity is rarely detected in 
normal ceils whereas it is frequently detectable in malignant cells (Hunter, Cell , 
1987, 50, 823) and ;t is suggested that inhibitors of receptor tyrosine kinase 
should be of value as inhibitors of the growth of mammalian cancer cells (Yaish et 
al. Science, 1988, 242 , 933). This citation therefore has the aim of providing 
quinazoline derivatives which inhibit receptor tyrosine kinases involved in 
controlling the tumourigenic phenotype. 

The above compounds suffer the disadvantage that they are more difficult to 
synthesize than their quinoline and quinazoline counterparts on account of the 
additional structural complexity and accordingly there is a need for quinoline and 
quinazoline deriatives which are capable of inhibiting protein tyrosine kinase 
activity and yet are relatively simple to synthesize. There is no reference in the 
above citation to any such bicyclic heterocyclic system capable of inhibiting 
protein tyrosine kinase activity and the present invention seeks to fill this 
omission. 

Selective inhibition of the EGF receptor is, however, disclosed by Fry et al 
(Science, 265 . 1093 (1994)). This citation discloses that the compound: 



is a highly selective inhibitor of the EGF receptor tyrosine kinase at picomolar 
concentrations while inhibiting other tyrosine kinases only at micromolar or higher 
concentrations. This compound does not however exhibit good in vivo activity in 
contrast to the compounds of the present invention. 




HN 
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WO 93/17682 and Bioorg Med Chem Lett (1993, 4 (1), 173-176) disclose 
compounds which block angiotensin II receptors and have the general formula 



in which D is a bicyclic heterocyle comprising a 6-membered ring fused to 
another 6-membered ring, the bicyclic heterocycle comprising at least one 
heteroatom selected from N, O and S, and each fused ring independently 
containing 0 to 3 N atoms, 1 N atom and 1 O atom, 1 N atom or 1 S atom, 1 O 
atom and 1 S atom, 2 O atoms, 2 S atoms or 1 O atom or 1 S atom, with the 
remaining ring atoms being carbon atoms. Pendant R-| and R'^ groups include 
tetra zolyl, N substituted amino, N substituted amide, N substituted urea, 
carboxylate, amino sulphone, carbonyl. methylene alkoxy, sulphonate and 
phosphate. 

WO 93/18035 and Bioorg Med Chem Lett (1993, 4 (1), 173-176) relate to further 
angiotension II receptor blocking compounds of formula (I) above, with the 
difference that D in formula (I) now represents a bicyclic heterocycle comprising a 
6-membered ring fused to a 5-membered ring, the bicyclic heterocycle comprising 
at least one heteroatom selected from N, O and S. In this application, the 6- 
membered ring comprises 0 to 3 N atoms, 1 N atom and 1 O atom, 1 N atom and 
1 S atom, 1 O atom and 1 S atom, 2 O atoms, 2 S atoms, 1 O atom, or 1 S atom; 
and the 5-membered ring comprises 0 to 3 N atoms, 1 N atom and 1 O atom, 1 N 
atom and 1 S atom, 1 O atom and 1 S atom, 1 O atom, or 1 S atom with the 
remaining atoms in the fused rings being carbon atoms. 



(IV): 



M 




(IV) 
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WO 86/06718 relates to a class of mono- and di- Mannich bases, derived from 4- 
(7 , -substituted-1 , ,5 , -naphthyridin-4 , -y!amino)phenols and 4-(7*-substituted- 
quinolin-4'-yiamino) -phenols of formula (V) : 



R' 




in which Y is N or CH, and R 1 and R 2 are independently hydrogen or specified 
substituted amino groups. The compounds of formula (II) exhibit antimalarial 
activity. 



EP 0534341 relates to the preparation of 4-[(ar)alkoxy] pyrimidines for use as 
pesticides and agrochemical fungicides. This application discloses compounds 
of formula (VI): 



R 4 




in which R 2 and R 3 together form an unsaturated 5-membered ring, together with 
the C atoms to which they are attached, containing an O or S atom; or R 2 and R 3 
together form a saturated 5, 6 or 7-membered ring which may contain an O or S 
atom. 



EP 0452002 relates to 4-substituted thieno [2,3-d], [3,2-d] and [3 t 4-d] pyrimidines 
of formula (VII) below having fungicidal, insecticidal and miticidal utility : 
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X-Y-Z 




(VII) 



in which 




is 




nng wh,ch may contain a heteroalom, and 2 is a C 3 ^ cydoalky or phenyl 

^nnr" 'T, 1 ; 487 " 4 " ) COnCSrnS a " aC3demiC *«* *** 
nucleoph,l,c subsMut.on reactions of 4<hlorothieno[3.2-d]pyrirnidines to produce 

a number 0 f compounds in which the 4-substituent is bound to the pynmidine v,a 
a heteroatom, for example 4-phenoxythieno[3.2-d]pyrimidine is exemplified 

EP 0370704 relates to the preparation of ^(benzylamino) pyridines of formula 
(Viii) as pesticides : 




(VIII) 
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It is a general object of the present invention to provide compounds suitable for 
the treatment of disorders mediated by protein tyrosine kinase activity, and in 
particular treatment of the above mentioned disorders 

In addition to the treatment of tumours, the present invention envisages that other 
disorders mediated by protein ty r osine kinase activity may be treated effectively 
by preferential inhibition of the appropriate protein tyrosine kinase activity. 

Broad spectrum inhibition of protein tyrosine kinase may not provide optimal 
treatment of, for example tumours, and could in certain cases even be 
deterimental to subjects since protein tyrosine kinases provide an essential role 
in the normal regulation of cell growth. 

It is another object of the present invention to provide compounds which 
preferentially inhibit protein tyrosine kinases, such as c-erbB-2, p56lck t EGF-R 
and PDGF-R protein tyrosine kinases. 

A further object of the present invention is to provide compounds useful in the 
treatment of protein tyrosine kinase related diseases which minimise undesirable 
side-effects in the recipient. 

The present invention relates to heterocyclic compounds which may be used to 
treat disorders mediated by protein tyrosine kinases and in particular have anti- 
cancer properties. More particularly, the compounds of the present invention are 
potent inhibitors of protein tyrosine kinases such as c-erbB-2, EGF-R and p56lck 
thereby allowing clinical management of particular diseased tissues. 

The present invention envisages, in particular, the treatment of human 
malignancies, for example breast, stomach, ovary, colon, lung and pancreatic 
tumours, especially those driven by c-erbB-2, using the compounds of the present 
invention. For example, the invention includes compounds which are highly 
active against the c-erbB-2 protein tyrosine kinase in preference to the EGF 
receptor kinase hence allowing treatment of c-erbB-2 driven tumours. 

More particularly, the present invention envisages that disorders mediated by 
protein tyrosine kinase activity may be treated effectively by inhibition of the 
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appropriate protein tyrosine kinase activity in a relatively selective manner, 
thereby minimising potential side effects. 

Accordingly, the present invention provides a compound of formula (A): 



R 3 




or a pharmaceutical^ acceptable salt thereof, 

wherein X is N or CH; 

wherein 

X5 

represents a fused 5 t 6 or 7-membered heterocyclic ring containing 1 to 5 
heteroatorns which may be the same or different and which are selected from N, 
O or S(0) m , wherein m is 0, 1 or 2, the heterocyclic ring. containing a total of 1, 2 
or 3 double bonds inclusive of the bond in the pyridine or pyrimidine ring, with the 
provisos that the heterocyclic ring does not form part of a purine and that the 
fused heterocyclic ring does not contain two adjacent O or S(0) m atoms; 

Y is a group W(CH 2 ), (CH 2 )W, or W, in which W is O, S(0) m . or NR a wherein m 
is as defined above and R a is hydrogen or a C 1.3 alkyl group; 

each R 1 independently represents a 5- or 6-membered heterocyclic ring 
containing 1 to 4 heteroatorns selected from N, O or S(0) m , wherein m is as 
defined above, with the proviso that the ring does not contain two adjacent O or 
S(0) m atoms, optionally substituted by one or more groups independently 
selected from hydroxy, halogen, trifluoromethyl, trifluoromethoxy, nitro, amino, 
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cyano, C1.4 alkyl, C-|_4 alkoxy, alkylthio, C1.4 alkyi carbonyl, formyl, 

carboxy, C1.4 alkoxy carbonyl, carboxamide, C-|_4 alkylamino carbonyl, 
alkyl)amtno, di-(C -j ^4 alkyl)amino; or 

each R 1 is independently selected from the group comprising amino, hydrogen, * 
halogen, hydroxy, nitro, formyl, carboxy, trifluoromethyl, trifluoromethoxy, 
carbamoyl, ureido, C1-8 alkyl, c 1-8 alkoxy, C3.8 cycloalkoxyl, C4.fi 
alkylcycloalkoxy, C-|_8 alkoxycarbonyl, N-C1.4 alkylcarbamoyl, N,N-di-[C-|_4 
alkyl]carbamoyl ( hydroxyamino, alkoxyamino, C2-4 alkanoyloxyamino, C-|_4 
alkylamino, difC^ alkyljamino, pyrrolidin-1 -yf t piperidino, morpholino, 
thiomorpholino, thiomorpholino-1 ,1 -dioxide, piperazin-1-yl, alkylpiperazin- 
1-yl, C-j-Q alkylthio, arylthio, C1.4 alkylsulphinyl, arylsulphinyl, C-|_4 
alkylsulphonyl, arylsulphonyl, halogeno-C^ alkyl, hydroxy-C-|_4 alkyl, C2-4 
alkanoyloxy-C<|_4 alkyl, Ci^j alkoxy-C^ alkyl, carboxy-C-|_4 alkyl, C-| ^4 
alkoxycarbonyl-C-j^-alkyl, amino-C-1^4 alkyl, C-|_4 alkylamino-C-1^4 alkyl, di-[C-|. 
4 alkyl]amino-Ci_4 alkyl, [di-C-j ^4 alkyl]amino-Ci-4 alkylene-(C-|_4 alkyl)amino t 
C-|^4alkylamino-Ci^4alkylene-(Ci_4alkyl)amino, hydroxy-Ci_4alkylene-(C-|_ 
4alkyl)amino, piperidino-Ci^alkyl, morpholino-Ci.4 alkyl, thiomorpholino-C<|_4 
alkyl, thiomorpholino-1 ,1-dioxide-C-] ^4 alkyl, piperazin-l-yl-C^ alkyl, C-|_4 
alkylthio-C-1^4 alkyl, phenoxy-C<|_4 alkyl, anilino-C-|_4 alkyl, phenylthio-C<|_4 alkyl, 
cyano-C-|_4 alkyl, halogeno-C2-4 alkoxy, hydroxy-C2-4 alkoxy, C2-4 alkanoyloxy- 
C2-4 alkoxy, a!koxy-C2-4 alkoxy, carbamoyl-Ci-4 alkoxy, amino-C2-4 

alkoxy, alkylamino-C2-4 alkoxy, di-[C-j ^4 alkyl]amino-C2-4 alkoxy, phenyl- 

C-|_4 alkoxy, phenoxy-C2-4 alkoxy, anilino-C2-4 alkoxy, phenytthio-C2-4 alkoxy, 
piperidino-C2-4 alkoxy, morpholino-C2^4 alkoxy, thiomorpholino-C2-4 alkoxy, 
thiomorpholino-1, 1-dioxide-C2-4 alkoxy, piperazin-1-yl-C2-4 alkoxy, halogeno- 
C2-4 alkylamino, hydroxy-C2-4 alkylamino, C2-4 alkanoyloxy-C2-4 alkylamino, 
Ci^4 alkoxy-C2-4 alkylamino, phenyl-C-1.4 alkylamino, phenoxy-C2-4 alkylamino, 
anilino-C2-4 alkylamino, phenylthio-C2^t alkylamino, C2-4 alkanoylamino, C<|^4 
alkoxycarbonylamino, C-| .4 alkylsulphonylamino, benzamido, 

benzenesulphonamido, 3-phenylureido, 2-oxopyrrolidin-1-yl, 2,5-dioxopyrrolidin- 
1-yl, halogeno-C2-4 alkanoylamino, hydroxy-C2-4 alkanoylamino, C-|_4 alkoxy- 
C2-4 alkanoylamino, and carboxy-C2-4 alkanoylamino, and wherein said 
benzamido or benzenesulphonamido substitutent or any anilino, phenoxy or 
phenyl group on a R 1 substituent may optionally bear one or two halogeno, C1.4 
alkyl or Ci_4 alkoxy substituents; 
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and I is 0 to 3; 



or when I is 2 or 3, two adjacent R 1 groups ,o 9 e,her form an optionally subst.tuted 
methylened.oxy or ethylenedioxy group; 

fa l M::Tc::° a c 9roupcomprisin3: hydro9 - ^ — 

0 ^ or a 2 9 and P 2 » T 2 * ^ '° *' *™ 9h 3 (C "*» <W in p ,s 

vicHR, or V V o 3 9TOUP V<CH2) ' V(CF2) ' <CH 2 )V ' (CF ^ V <CRR ') 
V(CHR) or V where R and R 1 are each c M a.kyl and in which V is a hydrocarbv, 

group containing 0., or 2 carbon atoms, carbony,, dicarbonyl. CH(OH) CH(CN) 

stb ^eds s 7 r. op i i r" y subs,i,u,ed c ~ cycioaikyi - «• op"™ 

substituted 5. 6. 7, 8. 9 or 10-membered carbocyclic or heterocyclic moiety 

ZJL2 3 ZR ^ 2 iS NR> ' and NR> and R " "B— an 

optionally subsmuted 5. 6. 7. 8. 9 or 10-membered carbocydic or heterocyCc 

each R5 is independently selected from the group comprising; hydrogen, hydroxy 

alkyth,o alkylsulph,nyl. alkylsulphonyl. alkylcarbonyl C 1 

akyicarbamoyl. *IC M atkyl, carbamoyl, carbamyl, alkoxycarbony cyano 
nitro and trifluoromethyl, and n is 1 ,2 or 3. 

Heterocyclic groups comprise one or more rings which may be saturated 
unsaturated, or aromatic and which may independently contain one or more • 
neteroatoms in each ring, 

Carbocyclic groups comprise one or more rings which may be independently 
saturated, unsaturated or aromatic and which contain only carbon and hydrogen. 

Suitably the 5. 6. 7. 8, 9 or 10-membered heterocyclic moiety is selected from the 
group comprising: furan, dioxolane, thiophene. pyrrole, imidazole, pyrrolidine 
pyran, pyridine, pyrimidine, morpholine, piperidine, oxazole, isoxazole oxazoline' 
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oxazolidine, thiazole, isothiazole, thiadiazole, benzofuran, indole, isoindo'e, 
quinazoline, quinoline, isoquinoline and ketal. 

Suitably the the 5, 6, 7, 8, 9 or 1 0-membered carbocyclic moiety is selected from 
the group comprising: phenyl, benzyl, indene, naphthalene, tetralin, decalin. 
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, and cycloheptyl. 

By halo is meant fluoro, chloro, bromo or iodo. 

Alkyl groups containing three or more carbon atoms may be straight, branched or 
cyclised. 

In an embodiment, X is N 
In a further embodiment, 




is selected from the group comprising: 



(R ), 
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In a preferred embodiment, 



(*V »'),' (R'), ^ N (R'), 



and I = 0, 1 or 2. 



In a further preferred embodiment, 
and I = 0, 1 or 2. 

In a further embodiment, Y is NR D , NRb (C H 2 ), or (CH 2 )NRb ; preferably Y js NRb 
and R& is preferably hydrogen or methyl. 

In a further embodiment R 1 is selected from the group comprising pheny, furan 
th,o P hene, pyrrole, oxazole, isoxazole, thiazole, isothiazole. imidazole, pyrazTe 
and piperaz.ne or a hydrogenated derivative of any of the aforementioned and is 
opt.ona.ly substituted by one or more groups selected from hydroxy halogen 
tnfluoromethyl, trifluoromethoxy, nitro, amino, cyano. alky,. Cl ^oxy V 
4 alkylcarbonyl , alkoxycarbonyl, formyl or carboxy 

or R is independently selected from the group comprising amino, hydrogen 
halogen, hydroxy, nitro, alky,. alkoxy, benzy.oxy, morphoHno 

th,omorpho„na thiomorpho.ino-1,1 -dioxide, pyrrolidine, piperidino. Cl . 8 alky.thio' 
Cue a Iky su.phinyl, a.ky.sulphonyl, alkylamino, dialky.amino [di- 
Cm alky amino-C^ alkylene-rc^ a.kyl)amino, C^a.ky.amino-C^a.ky.ene- 
(C^alkyOammo or hydroxy-C^alkylene-fC^alkyOamino. 

In a preferred embodiment R 1 is selected from the group comprising pheny. 
furan, pyrazole. imidazole and piperazine. optionally substituted by one or more 
groups selected from alkyl, formyl, carboxy or C 1-4 alkoxycarbonyl. 

In a further preferred embodiment R 1 ,s independently selected from the group 
comprising hydrogen, halogen. alkyl, benzyloxy, thiomorpholino 

th.omorpholino-1,1 -dioxide. alkylamino, dialkylamino [di-Ci . 

alkylJamino-C^ alkylene-fC^ alkyl)amino, C^alkylamino-C^alkylene-^ 
4alkyl)amino or hydroxy-C-i^alkylene-fC-j^alkyOamino 
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In a further embodiment R 2 is hydrogen, d_4 alkyl, C1.4 alkoxy or halogen, 
preferably hydrogen or methyl, more preferably hydrogen 

In a further embodiment R 4 is an optionally substituted 5 or 6-membered 
carbocyclic or heterocyclic moiety. 

In a preferred embodiment R 4 is an optionally substituted phenyl, dioxolanyl, 
thienyl, cyclohexyl or pyridyl group. 

In a further embodiment, 2 is oxygen. CH 2 , NR b , NR b (CH2), (CH 2 )NR b , 0(CH 2 ), 
(CH 2 )CN. 0(CF 2 ). (CH 2 )0, (CF 2 )0, S(CH 2 ), S(0) m , carbonyl or dicarbonyl. 
wherein R b is hydrogen or Ci .4 alkyl. 

In a preferred embodiment Z is oxygen, dicarbonyl, OCH 2 , CH 2 (CN), S(0) m or 
NR b , wherein R b is hydrogen or C 1^4 alkyl. 

In a further embodiment, R 3 is benzyl, phenyl, pyridyl, pyridylmethyl, pyridyloxy, 
pyridylmethoxy, thienylmethoxy, dioxolanylmethoxy, cyclohexylmethoxy, phenoxy, 
phenylthio, benzyloxy, halo-, dihalo- and trihalobenzyloxy, alkoxybenzyloxy, 
phenyloxalyl or phenylsulphonyl. 

In a further embodiment, R 3 is in the para position with respect to Y. 

In a further embodiment R 5 is hydrogen, hydroxy, halogen, C-|_4 alkyl, C<|_4 
alkoxy, di-[C-|_4 alkyl]amino, nitro or trifluoromethyl; in a preferred embodiment, 
R 5 is hydrogen, halogen, trifluoromethyl or methyl, more preferably hydrogen. 

In a further embodiment, (R 5 ) n represents meta substituent(s) with respect to Y, 
and preferably n = 1. 

■n an embodiment, the optional substitutents for the carbocyclic or heterocyclic 
moiety, which may be present at any available position of said moiety, are 
selected from the group comprising: 
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(CH 2 ) q S(OWC^alkyl ( (CH 2 ) q S(0) m -C„cycloalkyl, (CH 2 ) q S0 2 NR e R e 

(CH 2 ) q NR 8 R 9 , (CH 2 ) q C0 2 R 8 , (CH 2 ) q OR 8 t (CH 2 ) q CONR 8 R 9 (CH 2 ) q NR 8 COR 9 ! 
(CH 2 ) q COR 8 t (CH 2 ) q R 8 , NR 8 S0 2 R 9 and S(0) m R 8 , 

wherein q is an integer from 0 to 4 inclusive; rn is 0,1 or 2; 
R 8 and R 9 are independently selected from the group comprising hydrogen, Ci^ 
alkyl, Cys cycloalkyl, aryl, a 5- or 6-membered saturated or unsaturated 
heterocyclic ring which contains one or more heteroatoms which may be the 
same or different and which are selected from N, O or S(0) m , with the proviso that 
the heterocyclic ring does not contain two adjacent O or S(0) m atoms. 

In a further embodiment the optional substitutents for the carbocyclic or 
heterocyclic moiety are selected from the group comprising morpholine, 
piperazine, piperidine, pyrrolidine, tetrahydrofuran, dioxolane, oxothiolane and 
oxides thereof, dithiolane and oxides thereof, dioxane, pyridine, pyrimidine, 
pyrazine, pyridazine, furan, thiofuran, pyrrole, triazine, imidazole, triazole, 
tetrazole, pyrazole, oxazole, oxadiazole and thiadiazole. 

Other optional substituents for the carbocyclic or heterocyclic moiety and also for 
other optionally substituted groups include, but are not limited to, hydroxy, 
halogen, trifluoromethyl, trifluoromethoxy, nitro, amino, cyano, C-j^j alkyl, C1-4 
alkoxy, C1.4 alkylthio, alkylcarbonyl, carboxylate and C1.4 alkoxycarboxyl. 

Preferred compounds of the present invention include: 
^^BenzyloxyanilinoJ-e-chloropyridoIS^-c/Jpyrimidine; 
4^4*Benzyloxyanilino)^-(A/-methylimidazol-5-yl)pyrido[3,4-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6^/V^ethylim^ 

4-{4-Benzyloxyanilino)-6-(A/-methylpyrazol-2-yl)pyrido[3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(furan-2-yl)pyrido[3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(5-formylfuran-2-yl) pyrido[3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(A/,A/-dimethylamino)pyrido[3 t 4-d]pyrimidine; 

4-{4-Benzyloxyanilino)-6-(1-methylpiperazin-4-yl)-pyrido[3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-[(1-f-butoxycarbonyl)piperazin-4-yl]-pyrido[3 ) 4- 

c/]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(thiomorpholin-4-yl)-pyrido[3,4-d]pyrimidine; 
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4-{4-Ben2yloxyanilino)-6-(thiomorpholine-1 , 1 -dioxide-4-yl)-pyrido[3,4- 
cflpyrimidine; 

6-/V,/V-Dimethylamino^-(4-phenoxyani^^ 
6-Chloro-4-(4-phenylthioanilino)pyriao[3,4-c/]pyrimidinei, 
6-Chloro-4-(4-phenylsulphonylanilino)pyrido[3,4-d]pyrimidine; 
6-(/V,/V-DimethylaminoM-(4-phe^^ 

6-(1-Methylpipera2in-4-yl)-4-(4-phenylsulphonylanilino)-pyrido[3 l 4- 
d]pyrimidine; 

6^/V-Methyl-/V-(2Hdimethylam 
pyridofS^-dJpyrimidine; 

6-[A/-Methyl-A/-(2-hydroxyethyl)aminoH-(4-phenylsulphonylanilino)pyrido[3 
djpyrimidine; 

6-Chloro-4-[4-(1 ,3Hjioxolan-2-yl)methoxyanilino]pyrid^ 

6-(/V,/V-DimethylaminoM-[4-(1,^ 

djpyrimidine; 

6- Ben2yloxy^-(4-benzyioxyanilino)pyrido[3 1 4-d]pyrimidine; 
4-(4-Benzyloxyanilino)pyrido[2 ) 3-d]pyrimidine; 
4-(4-Benzyloxyanilino)thieno[3,2-d]pyrimidine; 
4-[3-Chloro^-(2-methoxybenzyloxy)anM^ 
4-[3-Chloro^-(2-fluorobenzyloxy)anilino]thieno[3 t 2^pyrimidine; 
4^4-(2-Bromobenzyloxy)-3<tiloroanilino]thieno[3 t 2H^pyrimidine; 
4-[3-Methoxy^-(2-methoxybenzyloxy^ 
4-(4-Benzylanilino)thieno[3,2-d]pynmidine; 
4-(4-Phenoxyanilino)thieno[3,2-<y]pyrimidine; 
4-(4-(a f a-Difluorobenzyloxy)anilino)thieno[3,2-d]pyrimidine; 
4-{4-(2-Thienylmeihoxy)anilino]thieno[3,2-d]pyrimidine; 
4-(4-Cyclohexylmethoxyanilino)thieno[3 f 2-d)pynmidine; 

7- Methyl^-(4-phenoxyanilino)thieno[3,2-d]pyrimidine; 
4-(4-Benzyloxy-34rifluoromethylanilino)-7-methylthieno[3,2</]pyrimidin 
4-[3-Chloro^-(2-fluorobenzyloxy)anilino]-5-methylthieno[2,3-<^pyrimidine; 

4- (4-Cyclohexylmethoxyanilino)-5-methylthieno[2,3-(^pyrimidine; 

5- Methyl-4-(4-phenoxyanilino)thieno[2 t 3-d]pyrimidine; 
4-(4-Phenoxyanilino)-5-(24hienyl)thieno[2 t 3<f]pyrimidine; 
4-(4-Benzytoxy-3^loroanilino)^-(A/ ) A/^imethyfamino)pyrido[3,4- 
cy]pyrimidine; 
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6-(/V,/V-DimethylaminoM^ 
d]pyrimidine; 

6-</V,/V-DimethylaminoM^4-^ 
djpyrimidine; 

6-(A/,A/-Dimethyiamino)^-[4-(pyridy!-2-methoxy)anilino]-pyrido[3 1 4- 
d]pyrimidine; 

6-(A/,A/-Dimethylamino)-4-[4.(2-fIuoroben2yloxy)anilino]pyrido[3,4- 
djpyrimidine, 

6-(/V,A/-DimethylaminoM44-(3-fluoro^^ 

and salts thereof, particularly pharmaceutical^ acceptable salts thereof. 

Other preferred compounds of the present invention include: 

4-(4.phenylsulphonylanilino)-6-(1.methylimidazol-2-yl)-pyrido[3 l 4- 
djpyrimidine, 

4-{4-Ben2yloxyanilino)-7-dimethylamino-pyrido[4,3-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6-{2-imida20lyl).pyrido[3 t 4-d]pyrimidine; 
4^4-Benzyloxyanilino)^-(5-^rboxyfuran-2-yl)-pyrido[3 l 4-d]pyrimidine; 
and salts thereof, particularly pharmaceutical^ acceptable salts thereof. 

Especially preferred compounds of the present invention include: 

4-(4-Benzyloxyanilino)-6-(A/-methylimidazol-5-yl)pyrido{3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(A/,A/-dimethylamino)pyrido[3 ( 4-cy]pyrimidine; 

6-(A/ l A/-Dimethylamino)-4-[4-(1 l 3-dioxolan-2-yl)methoxyanilino]pyrido[3 l 4- 
cyjpyrimidine; 

and salts thereof, particularly pharmaceutical^ acceptable salts thereof. 

Certain compounds of the formula (A) contain asymmetric carbon atoms and are, 
therefore, capable of existing as optical isomers. The individual isomers and 
mixtures of these are included within the scope of the present invention. 
Likewise, it is understood that compounds of formula (A) may exist in tautomeric 
forms other than that shown in the formula. 

Salts of the compounds of the present invention may comprise acid addition salts 
derived from a nitrogen in the compound of formula (A). The therapeutic activity 
resides in the moiety derived from the compound of the invention as defined 
herein and the identity of the other component is of less importance although for 



BNSOOC1D: <WO 970771A1 j_> 



WO 97/13771 



PCT/EP96/04399 



17 



therapeutic and prophylactic purposes it is, preferably, pharmaceutical^ 
acceptable to the patient. Examples of pharmaceutical^ acceptable acid 
addition salts inciude those derived from mineral acids, such as hydrochloric, 
hydrobromic, phosphoric, metaphosphoric, nitric and sulphuric acids, and organic 
acids, such as tartaric, acetic, trifluoroacetic, citric, malic, lactic, fumaric, benzoic, 
glycollic, gluconic, succinic and methanesulphonic and arylsulphonic, for example 
B-toluenesulphonic, acids. 

In a further aspect, the present invention provides a process for the preparation 
of a compound of the formula (A), or a pharmaceutical^ acceptable salt thereof, 
which process comprises the reaction of a compound of the formula (B): 



L 




with a compound of the formula C: 



YH 




wherein L is a leaving group and X, Y and R 1 to R 5 are as hereinbefore defined. 
Suitable leaving groups will be well known to those skilled in the art and include, 
for example, halo such as chloro and bromo; sulphonyloxy groups such as 
methanesulphonyloxy and toluene-p-sulphonyloxy; and alkoxy groups. 

The reaction is conveniently carried out in the presence of a suitable inert 
solvent, for example a Ci_4* alkanol, such as isopropanol, a halogenated 
hydrocarbon, an ether, an aromatic hydrocarbon or a dipolar aprotic solvent such 
as acetone or acetonitrile at a non-extreme temperature, for example from 0 to 
150°C, suitably 10 to 100°C, preferably 50 to 100°C. 
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Optionally, the reaction is carried out in the presence of a base when Y - NH 

tZZ e \Z U,tabl :^ inC,UdS ^ ° r9aniC 3mine SUCh 35 -iethy.am.ne, or an 
clt a « earth rK " etal C3rb0nate ' or hydroxide, such as sod.um or 

potas SI um carbonate, hydride or hydroxide. When YH = OH or SH^t Z 
necessary to perform the reaction in the presence of a base and in such a case 
the product is not obtained as the salt. " 

The compound of formu.a (A) in the case in which Y = NR D may be obtained from 
this process ,n the form of a salt with the acid HL, wherein L s as hereinbefore 
denned, or as the free base by treating the salt with a base as .ere^Z 

The preparation of compounds (B) and (C) is well known to those skilled in the 

in ad dition to tne above Qne Qf ^ ^ ^ ^ ^ 

anther compound of formu.a (A) by chemical transformation of the appropriate 

2Tl e T sub H n ents using appropriate chemical methods < see 

J.March Advanced Organic Chemistry". Edition III, Wiley Interscience. 1985). 

For example, a group R' may be substituted onto the ring U by replacement of 
another group R which is a suitable leaving group. This is especially suitable 
for prepanng compounds of formu.a (A) wherein an R 1 group is linked to the ring 
by a n.trogen atom; such compounds may. for example, be obtained by reaction 
of the amine corresponding to the group R' with the corresponding compound of 
formula (A) carrying a halo substituent in the appropriate position on the ring 
Th.s ,s also especially suitable for preparing compounds where R 1 is a 
heterocyclic ring system; such compounds may, for example, be prepared by 
reacfon of the corresponding heteroaryl stannane derivative with the 
correspond^ compound of formula (A) carrying a halo substituent in the 
appropnate position on the ring using a suitable catalyst such as an 
organometallic compound of palladium (for example bis(triphenylphosphine) 
palladium chloride) together with any other required catalytic additives 
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A compound containing an alkyl or aryl mercapto group may be oxidised to the 
corresponding sulphinyl or sulphonyl compound by use of an organic peroxide 
(eg benzoyl peroxide) or suitable inorganic oxidant (eg OXONE ®). 

A compound containing a nitro substituent may be reduced to the corresponding 
amino-compound, eg by use of hydrogen and an aporopriate catalyst (if there are 
no other susceptible groups) or by use of Raney Nickel and hydrazine hydrate. 

Amino or hydroxy substituents may be acylated by use of an acid chloride or an 
anhydride under appropriate conditions. Equally an acetate or amide group may 
be cleaved to the hydroxy or amino compound respectively by treatment with, for 
example, dilute aqueous base. 

In addition reaction of an amino substituent with triphosgene and another amine. 
(eg aqueous ammonia, dimethylamine) gives the urea substituted product 

An amino substituent may also be converted to a dimethylamino substituent by 
reaction with formic acid and sodium cyanoborohydride. 

All of the above-mentioned chemical transformations may also be used to convert 
one compound of formula (B) to a further compound of formula (B) prior to the 
reaction with the compound of formula (C); or to convert one compound of 
formula (C) to a further compound of formula (C) prior to the reaction with the 
compound of formula (B). The substituents present on the compounds (B) and 
(C) must be compatible with the conditions for their reaction together. 

The present invention also provides compounds of formula (A) and 
pharmaceutical^ acceptable salts thereof (hereinafter identified as the active 
ingredients 1 ) for use in medical therapy, and particularly in the treatment of 
disorders mediated by aberrant protein tyrosine kinase activity such as human 
malignancies and the other disorders mentioned above. The compounds are 
especially useful for the treatment of disorders caused by aberrant c-erbB-2 
activity such as breast, ovarian, non-small cell lung, pancreatic, gastric and colon 
cancers. 
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A further aspect of the invention provides a method of treatment of a human or 
animal subject suffering from a disorder mediated by aberrant protein tyrosine 
kinase activity which comprises administering to the human or animal subject an 
effective amount of a compound of formula (A) or a pharmaceutical^ acceptable 
salt thereof. 

A further aspect of the present invention provides the use of a compound of 
formula (A), or a pharmaceutical^ acceptable salt thereof, in therapy. 

A further aspect of the present invention provides the use of a compound of 
formula (A), or a pharmaceutical^ acceptable salt thereof, in the preparation of a 
medicament for the treatment of malignant tumours. 

A further aspect of the present invention provides the use of a compound of 
formula (A), or a pharmaceutical^ acceptable salt thereof, in the preparation of a 
medicament for the treatment of atherosclerosis, resterosis or thrombosis. 

Whilst it is possible for the compounds or salts of the present invention to be 
administered as the new chemical, it is preferred to present them in the form of a 
pharmaceutical formulation. 

According to a further feature of the present invention we provide pharmaceutical 
formulations comprising at least one compound of the formula (A), or 
pharmaceutical^ acceptable salt(s) thereof, together with one or more 
pharmaceutical^ acceptable carriers, diluents or excipients. 

Pharmaceutical formulations may be presented in unit dose forms containing a <= 
predetermined amount of active ingredient per unit dose. Such a unit may 
contain for example 0.5mg to 1g, preferably 5mg to 100mg of a compound of the 1 
formula (A) depending on the condition being treated, the route of administration 
and the age, weight and condition of the patient. 

Pharmaceutical formulations may be adapted for administration by any 
appropriate route, for example by the oral (including buccal or sublingual), rectal, 
nasal, topical (including buccal, sublingual or transdermal), vaginal or parenteral 
(including subcutaneous, intramuscular, intravenous or intradermal) route. Such 
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formulations may be prepared by any method known in the art of pharmacy, for 
example by bringing into association the active ingredient with the carrier(s) or 
excipient(s). 

Pharmaceutical formulations adapted for oral administration may be presented as 
discrete units such as capsules or tablets; powders or granules; solutions or 
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in- 
water liquid emulsions or water-in-oil liquid emulsions. 

Pharmaceutical formulations adapted for transdermal administration may be 
presented as discrete patches intended to remain in intimate contact with the 
epidermis of the recipient for a prolonged period of time. For example, the active 
ingredient may be delivered from the patch by iontophoresis as generally 
described in Pharmaceutical Research, 3(6), 318 (1986). 

Pharmaceutical formulations adapted for topical administration may be formulated 
as ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, 
sprays, aerosols or oils. 

For treatments of the eye or other external tissues, for example mouth and skin, 
the formulations are preferably applied as a topical ointment or cream. When 
formulated in an ointment, the active ingredient may be employed with either a 
paraffinic or a water-mi scible ointment base. Alternatively, the active ingredient 
may be formulated in a cream with an oil-in-water cream base or a water-in-oil 
base. 

Pharmaceutical formulations adapted for topical administrations to the eye 
include eye drops wherein the active ingredient is dissolved or suspended in a 
suitable carrier, especially an aqueous solvent. 

Pharmaceutical formulations adapted for topical administration in the mouth 
include lozenges, pastilles and mouth washes. 

Pharmaceutical formulations adapted for rectal administration may be presented 
as suppositories or as enemas. 
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Pharmaceutical formulations adapted for nasa/ arim - . 

is a solid indude a coarse oowd. h^L I" aam,n,strat '°" -here.n , ne 

carrier 

20 to 500 microns which is administered hn T ** 8Xample in < he ™9« 

by rapid .nhalation through Z^^T™'"^^'*'^ - 
held Cose up ,o the nose SuUab* oil ^ 3 °< ,he 

administration as a nasa, spra ^ 9 0 ~'° n ! T"" is a ^ 
solutions of (he active ingredient. W ' lnC ' Ude ac,,Je0lJS ° r °" 

metered dose pressurised aerosols. n«£^uZ£ °' ^ *~ <* 

Pharmaceutical formulations adapted for vao/n*. =h 

as pessaries, tampons, creams. ^Z^Z^T^ * 

.86.5, pastes, foams or spray formulations. 

Pharmaceutical formulations adam** t 

aqueous and non-aqueo steT^J™ -dude 
oxidants, buffers. baLosLts and ^JT^ "** ^ 
with the blood of the intended recip t"atl '° mU,a ' i0n iS0,0nic 

suspensions which may include suT™h q * and """-aqueous sterile 
•ormu-ations may be ^ ^ 

seated ampou,es and vials, and ^11™ ^^ f ° re *»"°'s 
condition requiring only the addition of str te J," •! ,fee ^ ried (^Phiiized, 
for injections, immediately prior to usl ^ ** e * ample wa,er 

suspensions may be prepared from Z^^^^ " 

ingredient. ' aPPr0pna,e '"ereof, of an active 

i 

It should be understood that in addition to th. io n ^ . 

above, the formulations may includJ H ' n9red,en,s earticutarly mentioned 
regard to the type of forZ,^ e^nT e^T"™' '" "» a « " a - 9 
administration may include flavouring age^ ' ** ' h0Se Sui,abte *» «■ 
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The compounds of the formula (A) and salts thereof have anticancer activity as 
demonstrated hereinafter by their inhibition of the protein tyrosine kinase c-erbB- 
2 enzyme. It has thus been established that compounds of the present invention 
are of use in medicine and f in particular in the treatment of certain human 
malignancies, for example breast, ovarian non-small cell lung, pancreatic, gastric 
and colon cancers. Accordingly, the present invention provides a metnod for the 
treatment of susceptible malignancies in an animal, e.g. a human, which 
comprises administering to the animal a therapeutically effective amount of a 
compound or salt of the present invention. In the alternative, there is also 
provided a compound or salt of the present invention for use in medicine and, in 
particular, for use in the treatment of cancers. 

The present invention also provides the use of a compound of formula (A) or a 
salt thereof for the manufacture of a medicament for treatment of malignant 
tumours. 

The animal requiring treatment with a compound or salt of the present invention is 
usually a mammal, such as a human being. 

A therapeutically effective amount of a compound or salt of the present invention 
will depend upon a number of factors including, for example, the age and weight 
of the animal, the precise condition requiring treatment and its severity, the 
nature of the formulation, and the route of administration, and will ultimately be at 
the discretion of the attendant physician or veterinarian. However, an effective 
amount of a compound of the present invention for the treatment of neoplastic 
growth, for example colon or breast carcinoma will generally be in the range of 
0.1 to 100 mg/kg body weight of recipient (mammal) per day and more usually in 
the range of 1 to 10 mg/kg body weight per day. Thus, for a 70kg adult mammal, 
the actual amount per day would usually be from 70 to 700 mg and this amount 
may be given in a single dose per day or more usually in a number (such as two, 
three, four, five or six) of sub-doses per day such that the total daily dose is the 
same. An effective amount of a salt of the present invention may be determined 
as a proportion of the effective amount of the compound ger se. 
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Certain embodiments of the present invention will now be illustrated by way of 
example only. The physical data given for the compounds exemplified is 
consistent with the assigned structure of those compounds. 

IR spectra were recorded on a Perkin-Elmer 257 grating spectrophotometer or a 
Bruker FS66 spectrophotometer. 

1H NMR spectra were obtained on a Bruker WM 360-NMR spectrophotometer at 
360MHz, or on a Bruker AC250 spectrophotometer at 250MHz. J values are 
given in Hz. 

Mass spectra were obtained on one of the following machines: Varian CH5D (El), 
Kratos Concept (El), Kratos Ms50 (FAB), VG Micromass Platform (electrospray 
positive or negative), HP5989A Engine (thermospray positive). 
Analytical thin layer chromatography (tic) was used to verify the purity of some 
intermediates which could not be isolated or which were too unstable for full 
characterisation, and to follow the progess of reactions. Unless otherwise stated, 
this was done using silica gel (Merck Silica Gel 60 F254). 

Unless otherwise stated, column chromatography for the purification of some 
compounds used Merck Silica gel 60 (Art. 1.09385, 230-400 mesh), and the 
stated solvent system under pressure. 

Petrol refers to petroleum ether, either the fraction boiling at 40-60QC or at 60- 
80«>C. 

Ether refers to diethylether. 
DMF refers to dimethylformamide. 
DMSO refers to dimethylsulphoxide 

Preparation of Intermediates 
5-f(A/-ferf -Butoxvcarbonvnamino1-2-chloropvridine 

A stirred solution of 6-chloronicotinic acid (47.3g), diphenylphosphoryl azide 
(89.6g) and triethylamine (46ml) in f-butanol (240ml) was heated at reflux 
under nitrogen for 2.5 hours. The solution was cooled and concentrated in 
vacuo. The syrupy residue was poured into a rapidly stirred solution of 0.5N 
aqueous sodium carbonate (2L).' The precipitate was stirred for one hour and 
filtered. The solid was washed with water and dried in vacuo at 70°C to give 
the title compound (62g) as a pale brown solid, m.p. 144-146°C. 8H [2H6]- 
DMSO 8.25 (1H,d), 7.95 (1H,bd). 7.25 (1H,d), 6.65 (1H,bs), 1.51 (9H,s); m/z 
(M + 1)*229. 
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This material was carried forward to give 6<;hloro-3H-pvridof3,4-cflpvrimidin- 
4-one and 4,6-dichloropyridof3 1 4-cnpvrimidine according to the procedures 
described for these compounds in W095/19774 

6-(A/,A/-Dimethvlamino)-3H-pyridof3.4-cnpvrimidin-4-one 
6-Chloro-3H-pyrido[3,4<f]pyrimidin^-one was reacted with dimethylamine 
(2-0molar solution in methanol) in a pressure vessel at 130°C for 32 hours 
The reaction mixture was concentrated in vacuo and the resulting solid 
washed with ethyl acetate. This solid was heated in 2-propanol to give a 
suspension, which was filtered. The filtrate was concentrated in vacuo to give 
the product (60%). 

4-Chloro-6-(A/,A/-dimethvlamino)pvridor3.4<npyrimidine 

e^A/.A/'DimethylaminoJ-SH-pyridoIS^-dlpyrimidin^-one (1.0g, 5.25 mmol) 
was heated at reflux with phosphorous oxychloride (8.5ml) and triethylamine 
(5.3 ml) for 3 hours. The mixture was concentrated in vacuo, azeotroping with 
toluene twice. The residue was partitioned between ethyl acetate and 
aqueous sodium hydrogen carbonate (8%), the layers separated, and the 
aqueous extracted once more with ethyl acetate. The combined organics 
were washed with water and brine, dried (sodium sulphate), and concentrated 
in vacuo. The residue was triturated with hexane to give the product as a 
solid (0.36g, 33%). 

General Procedures 

(A) Reaction of an amine with a bicvclic species containing a 4- 
chloropyrimidine ring 

The optionally substituted bicyclic species and the specified amine were 
mixed in an appropriate solvent (acetonitrile unless otherwise specified), and 
heated to reflux. When the reaction was complete (as judged by TLC), the 
reaction mixture was allowed to cool. The resulting suspension was diluted, 
e.g. with acetone, and the solid collected by filtration, washing e.g. with 
excess acetone, and dried at 60°C in vacuo, giving the product as the 
hydrochloride salt. If the free base was required (e.g. for further reaction), 
this was obtained by treatment with a base e.g. triethylamine; purification by 
chromatography was then performed, if required. 
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(B) Reaction of a product from Proced u re (A) with a heteroarvl tin r flar nt 

A stirred mixture of the product from Procedure (A), (containing a suitable 
leaving group such as a chloro or bromo), a heteroaryl stannane and 
bis(triphenylphosphine)paliadium dichloride were heated at reflux in dry 
dioxane under nitrogen for 24 hours. The resulting mixture was generally 
purified by chromatography on silica. 

(C) Reaction of the product from Procedure (A) with a second amine 

The product of Procedure (A) (containing a suitable leaving group such as 
chloro) was dissolved in an excess of the desired amine (or a solution thereof) 
and heated in a pressure vessel (e.g. at 130°C for 17hr). The cooled mixture 
was generally purified by chromatography on silica. 

(D) Prepar ation of a substituted aniline 

An appropriately substituted 4-nitrophenol was heated with an appropriately 
substituted benzyl halide (1.05 equiv.) and potassium carbonate (3 equiv.) in 
acetonitrile at reflux until reaction was complete (as judged by TLC). After 
standard work-up, the 4-benzyloxy-1 -nitrobenzene was purified by column 
chromatography. Reduction using hydrogen at atmospheric pressure and a 
suitable catalyst (Pt/C or Pd/C) in an appropriate solvent gave the corresponding 
4-benzyloxyaniline, which was generally purified by column chromatography. 

Examples 
Example 1 

4-(4-Benzvloxvanilino)-6-chloroo vridor3.4-cnpvrimidine hydrochloride 
Prepared according to Procedure A from 4-benzyloxyaniline and 4,6- 
dichloropyrido[3,4-cr]pyrimidine; 6H (CDC! 3 ) 9.11 (1H,s), 8.78 (1H,s). 7.75 
(1H,d), 7.56 (2H,dd), 7.40 (5H,m), 7.15 (2H,d), 5.10 (2H,s); m/z (M + 1 )* 409 

Example 2 

4-(4-Benzvloxvanilino )-6-r/V-methvlimidazol-5-vnpvridof3.4-d1pvrimidine 
Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-d]pyrimidine and 5-<tri-n-butylstannyl)-A/-methylimidazole 
(prepared according to the published method: Acta Chem. Scand., (1993), 
47(1), 57); 5H [2H6]-DMSO 10.00 (1H,s), 9.15 (1H,s), 8.65 (1H,s), 8.60 (1H, 
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s), 7.80 (1H,s), 7.61(2H,d), 7.50 (1H,s), 7.25-7.49 (5H,m), 7.10 (2H,d), 5.13 
(2H,s), 3 98 (3H,s); m/z (M + 1 )* 409. 

Example 3 

4-(4-Benzyloxyarjiino)^-(/V-methylimidazol-2-yn^ 

Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-d]pyrimidine and 2-(tri-n-butylstannyl)-A/-methylimidazole 
(preparea according to the published method: J. Organometallic Chem, 
(1989), 61); 5H [2H6]-DMSO 10.35 (1H,s), 9.17 (1H,s), 9.13 (1H,s), 8.65 (1H, 
s), 7.79 (2H,d), 7.32-7.55 (6H,m), 7.13 (1H ( s), 7.09 (2H,d), 5.16 (2H,s), 4.10 
(3H t s); m/z (M + 1 )* 409. 

Example 4 

4-(4-Benzvloxvanilino)-6-(A/-methvlpyrazol-2-yl)pyridof3,4-c/]pvrimidine 
Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-cf]pyrimidine and 2-(tri-n-butylstannyl)-A/-methylpyrazole 
(prepared according to the published method: WO 94/00825); 5H [ 2 H6]- 
DMSO 9.30 (1H,s), 8.80 (2H,m) ( 7.80 (2H,d), 7.65 (1H,d), 7.50 (6H,m), 7.20 
(2H,d), 6.90 (1H,d), 5.20 (2H,s), 4.25 (3H,s); m/z (M + 1)* 409. 

Example 5 

4-(4-Benzyloxvanilino)-6-(furan-2-ynpvridof3.4-cnpyrimidine. 

Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 

chloropyrido[3,4-dJpyrimidine and 2-(tri-n-butylstannyl)furan (Aldrich); 5H 

[2H6]-DMSO 9.08 (1H,s), 8.70 (1H,s), 8.55 (1H,s), 7.90 (1H,d), 7.69 (2H, d), 

7.40 (5H,m), 7.10 (1H,d), 7.03 (2H,d), 6.69 (1H f m), 5.10 (2H f s); m/z (M + 1)* 

395. 

Example 6 

4-(4-Benzvloxvanilino^-(5-formvlfuran-2-vO pyridof3,4-cflpvrimidine 
4-(4-Benzyloxyanilino)-6-chloropyrido[3 ( 4-d]pyrimidine (4.0g, 11.0mmol), 2-(1,3- 
dioxolan-2-yl)-5-(tributylstannyl)furan / J. Chem. Soc, Chem Commun., (1988), 
560) (6.0g, 14.0mmol) were reacted together according to Procedure B for 20hrs 
The reaction mixture was allowed to cool, 1N HCI (50ml) added and stirred at RT 
for 15 minutes. The reaction was filtered and the residue washed with dioxane 
(20ml) and 2N HCI (20ml). The combined filtrate and washings were stirred at RT 
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for a further hour. The dioxane was removed under vacuum, the reaction diluted 
with water and the solid which precipitated was collected by filtration, and washed 
with water, iso-hexane and acetone. This precipitate was converted to the free 
base by partitioning into a mixture of triethylamine, ethyl acetate and water The 
organic phase was washed with water, dried (magnesium sulphate) and the 
solvent removed under vacuum. The residue was triturated with iso-hexane/ethyl 
acetate to give the product (2.41 g, 52%) as a yellow solid; 6H [2h 6 ] -DMSO 10 60 
(1H, b, NH), 9.83 (1H. s, CHO), 9.30 (1H, s. 2-H). 9.08 (1H, s. 5-H or 8-H), 8 76 
(1H, s. 5-H or 8-H), 7.89 (1H, d, furan^H), 7.82 (2H, d, 2'-H, 6'-H), 7.65-7.42 (6H, 
m, 5x Ph-H, furan-H), 7.21 (2H, d, 3'-H, 5'-H), 5.26 (2H. s, OCH,); m/z (M + 1 )* 
423 



Example 7 

4-(4-Ben2vloxvanilino)- 6-(A/.A/-dimethvlamino^pvridof3.4-dlDvrimidinft 
Prepared according to Procedure C from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-d]pyrimidine and dimethylamine (33% aqueous solution); 5H 
(CDCI 3 ) 9.00 (1H,s), 8.52 (1H.s), 7.59 (2H,d), 7.40 (4H.m), 7.23 (1H.s), 7.13 
(2H,d), 6.35 (1H,s), 5.10 (2H,s), 3.20 (6H,s); m/z (M + 1)* 395. 

Example 8 

4-(4-Benzvloxvanilino )-6-M-methvlDipera2in-4-vn-pvridof3.4-olDvrimidine 
Prepared according to Procedure C from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-d]pyrimidine and 1-methylpiperazine; 6H (CDCI 3 ) 9.00 (1H,s), 
8.58 (1H,s), 7.59 (2H, d), 7.28-7.40 (5H,m), 7.02 (2H,d), 6.59 (1H,s), 5.08 (2H.s), 
3.60-3.74 (4H.m). 2.52-2.64 (4H,m), 2.40 (3H,s); m/z (M + 1 f 427. 

Example 9 

4-(4-Benzvloxvanilin o)-6-f( 1 -f-butoxvcarbonvnpiperazin-4-vll-pvridor3 4- 
cflpyrimidtne. 

Prepared according to Procedure C from 4-(4-benzyloxyanilino)-6-chloro- 
pyrido{3,4-d]pyrimidine and ( 1 -f-butoxycarbonyl)piperazine (commercially 
available from Aldrich); tic (dichloromethane:ethanol:aq. ammonia, 100:8:1) Rf 
0.44; m/z (M + 1)* 513. 
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Example 10 

4- t / 4-Benzvloxvanilino)-6-fthiomorpholin-4-y[)-pvridof3,4-cnpvrimidine 
Prepared according to Procedure C from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-cr]pynmidine and thiomorpholine; 5H (CDCIj) 9.00 (1H,s), 
8 59 (1H,s), 7.59 (2H, d), 7.28-7.50 (5H,m), 7.03 (2H,d), 6.56 (1H.s), 5 09 
(2H,s), 3.92-4.18 (4H,m), 2.62-2.92 (4H,m); m/z (M + 1 )* 430 

Example 1 1 

4-(4-Ben zvloxvanilino)-6-nhiomorpholine-1.1-dioxide-4-vn-ovridof3.4- 
dlpvrimidine 

4-(4-Benzyloxyanilino)-6-(thiomorpholin-4-yl)-pyrido[3,4-d]pyrimidine (0 075g, 
0.175 mmol) was dissolved in a mixture of methanol (20ml) and water (10ml) 
and reacted with Oxone® (2KHS0 5 .KHS0 4 . K 2 S0 4 , 0.323g, 0.525mmol) at 
room temperature for 24h to give the product as a yellow solid (0.023g, 28%); 
6H (CDCI 3 ) 10.17 (IH.s), 9.65 (1H,s), 9.04 (1H,s), 8.74 (1H,s). 7.73 (2H, d), 
7.30-7.63 (5H,m), 7.03 (2H.d), 5.11 (2H,s), 5.02 (2H,t), 4.54 (2H,t), 3 44 
(2H,d), 3.18 (2H,d); m/z (M + 1 )* 462. 

Example 12 

6-A/,A/-Dimethvlamino-4-f4-phenoxvanilino)pvridor3.4-olPvrimidine. 
6-Chloro-4-(4-phenoxyanilino)pyrido[3,4-c/]pyrimidine was prepared by the 
reaction of 4-phenoxyaniline and 4,6-dichloropyrido[3,4-d]pyrimidine in 2- 
propanol according to Procedure A, with triethylamine present to give the free 
base of the product directly. Reaction of this product with dimethylamine 
(33% aqueous solution) according to Procedure C gave the title compound: 
6H (CDCI,) 9.00 (1H,s), 8.54 (1H,s). 7.70 (2H, d), 7.00-7.44 (5H,m), 7.13 
(2H.d), 6.38 (1H,s). 3.22 (6H,s); m/z (M + 1 )* 358. 

Example 13 

6-Chloro-4-(4-phenylthioanilino)pyridof3.4-o1pvrimidine hvdochloride. 
Prepared according to Procedure A from 4-(phenylthio)aniline (commercially 
available from Salor) and 4,6-dichloropyrido[3,4-d]pyrimidine; 6H [ 2 H 6 ]-DMSO 
8.94 (1H,s). 8.85 (1H.s), 8.25 (1H,s), 7.96 (2H,d), 7.24-7.49 (7H,m); m/z (M + 
1)* 365. 
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Example 14 

Cfttn. Ad... 1983 66 (4) 1«6) and . « ^ ^*^~**«.yl«,i.in. (He,, 
1%1-DMSO 9.09 '<1 J 8 £ > " ^ " W.^Jpyrimidine; 6H 
7.53-7.20 (3H, m , ; L";M + 1 r 39 7 ^ ™ M 

Example is 

7.70 <1H> s, 7.45-7,5 <3H, m ? 6,0 

Example 16 

S^gff^-vO - M p l< iwWB| ^ t 

8.91 (1H.J). 8.52 (1H,s). 8.15 (2H, d). 7.88-7.98 <4H,m) 7 48-7 62 MH ml 1 «T 
3 74 (4H.m). 2.52-2.64 ,4H, m ). 2.38 (3H.S); mft (M ♦ ^ 46, 

Example 1 7 

6-f/V-Methvl-A/.r2-dim^h y l am ;„^ th . 
PVridPf3 , 4 -dlPvrimiriina 

Prepared according to Procedure C from 6-ch.oro-4-(4- 
Phenylsulphonylanilino)-p y rido[3,4-o1p y hmjdine and Vm L 

tr.methylethylenediamine; 5H (CDCI,) 8.92 (1H,s). 8.69 (1Hs) 6 49 MH^ 
7.80-8.05 (6H.m), 7.38-7.60 <3H.m). 6.79 (1 H,s), 3 68 (2H 3 42 (3H s 2 5 
(1 H,t), 2.29 (6H.s); m/z (M + 1 )♦ 463. ( ' S) ' 2 51 

Example 1B 

"JZT, „ T rtin9 ,0 PrOCedUre ° from 6-=h,cro^.,4. 
phenyls ul phonylan,l,no)-p y rido[3,4- a ,pynmidine and 2-(me l hylamino)e.ha n ol. 
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6H [ 2 H 6 ]-DMSO 9.99 (1H,s), 8.89 (1H,s), 8.48 (1H,s), 8.20 <2H,d), 7.97-8.09 
(4H,m), 7.60-7.78 (3H,m), 7.27 (1H,s), 4.27 (1H,t), 3.75-3.85 (2H,m), 3 60- 
3.71 (2H,m), 3.21 (3H,s); m/z (M + 1 )* 436. 

Example 19 

6-Chloro^-f4-f1.3-dioxolan-2-vl)methoxvanilino1pyridof3 t 4^pvrimidine 
hvdochloride. 

Prepared according to Procedure A from 4-(1,3-dioxolan-2-yl)methoxyaniline 
(prepared according to the published method: WO 96/09294) and 4,6- 
dichloropyrido[3 ( 4-d]pyrimidine; 6H [ 2 H 6 ]-DMSO 9 06 (1H,s), 8.85 (1H,s), 8 79 
(1H,s), 7.73 (2H,d), 7.05 (2H 1 d) 1 5.21 (1H,t), 3.7CM.06 (6H,m); m/z (M + 1)* 
359. 

Example 20 

6-(A/ t A/-Dimethvlamino)-4-r4-(1,3-dioxolan-2-vl)methoxvanilino1pyridor3.4- 
cflpyrimidine. 

Prepared according to Procedure C from 6-chloro-4-[4-(1 ,3*dioxolan-2- 
yl)methoxyanilino]pyrido[3,4-d]pyrimidine and dimethylamine (33% aqueous 
solution); 5H (CDCI 3 ) 9.71 (1H,s), 8.87 (1H,s), 8.38 (1H,s), 7.78 (2H,d), 7.35 
(1 H t s) 7.09 (2H,d), 5.30 (1 H,t), 4.00 (6H.ni), 3.25 (6H,s); m/z (M + 1 ) + 368. 

Example 21 

6-Benzvloxv-4-(4-benzvloxvanilino)pyridor3,4-c/lpvrimidine 
e-Chloro-SH-pyridop^-dJpyrimidin^-one (9.08g, 50.0 mmol) was reacted 
with sodium hydride (60% dispersion on mineral oil, 8.14g, 203.5 mmol) in 
benzyl alcohol at 150°C for 18 hours. The mixture was partitioned between 
water and ether (water layer at pH14 from the excess sodium hydride) and the 
layers separated. The aqueous layer was further washed with ether, and 
then acidified to pH1 with dilute HCI, giving a cream precipitate. This was 
collected by filtration and dried at 60°C in vacuo to give 6-benzvloxv-3H- 
pyridor3.4-cnpvrimidin-4-one (10.59g, 84%); 5H [ 2 H 6 ]-DMSO 8.71 (1H,s), 7.79 
(1H,s), 7.25-7.48 (6H,m) t 5.40 (2H,s); m/z (M + 1)* 254. 

6-Benzyloxy-3H-pyrido[3,4-<rf]pyrimidin-4-one (1.033g, 4.08 mmol) was 
reacted with thionyl chloride (10ml) and dimethyl formamide (2 drops) at reflux 
under a nitrogen atmosphere for 5 hours, and then left at room temperature 
overnight. The mixture was concentrated in vacuo, azeotroping twice with 
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rm3r Xy " 4 " 0h,0r0?ynd0(3 ' 4 ^ Pyrimidine ^ »• above materia, ca 
2 mmoi) was reacted with 4-benzyloxyaniline (0 430a 7 >>T 1 
acetonitrile (10ml) according to ProcedureA for^fh ^' 225 ™™» »" 

Example ?? 

4.(4.Ben 2V loxYanilinn)p^.ridof2 a-rfipyrimiw^ 

4-benX^ ^To^w 2 * 8 (1955,) ( ° 16591 10 mm °° - d 
y y Ine {U . i ayg, 1 .o mmol) were reacted in ethanol (1 0 ml) for c* 

2 hours, according to Procedure A After r™.;™ • 
chromatography on s,l,ca. eluting with methanol/chloroform (1 10) gave the 

4 85 ' N . 1 6-57. C M H„N,,O.0.25H ! O reauires- r. vr> ,« c ,„„ 
1*83%,; S „ lH) .DMSO 9.10 <1H. d. J 9) ZZs ( 1H C J 5W6H 8 H> 

Example ?3 

^(4-een Zy ioxvanilino)thi a n n n ^ rimidim h ^K,„^. 
^"'orothie no^-djpyrimidine (commercially available from Maybridge 
Chem,cal Co. Ltd., ,0.400g, 2.35 mmol, and 4-benzyioxvaniline <0.514g 2 so 
mmol, were reacted in 2-propano, (10 ml, ,or 2.5 hours, according , 0 
Procedure A. The product was obtained as pale cream prisms (0 640g 74^ 
«th m.p. 227-229-C; (Found: C. 60.86; H. 4 19 Nil at 
C„H, 5 N 3 OS.HCI.0.33H ! O requires: C. 60.71; H. 4.43; N. 11.19%) '„c , et 'l 
acetate Rf 0.38; 6 „ r^-DMSO 1 1 32 ( 1H, br s.,NH>, 8.8, ,1 H . s 2 "h, 8 45 
(1H. d, J 7, 6 H or 7 H) 7.28-7.62 (8H, m. 6H or 7H, 2'-H. ff-H. 5 x PhH 7 10 
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(2H, d, J 9, 3'-H, 5'-H), 5.15 (2H, s, CH 2 ); m/z (%) 333 (34, M+), 242 (100), 91 
(49). 

Example 24 

4-f3-Chloro-4-f2-methoxvbenzvloxv)anilino1thienof3.2-c/)pvrimidine 
hydrochloride 

4-Chlorothieno[3,2-cflpynmidine (0.1 02g. 0.60 mmol) and 3-chloro-4-(2- 
methoxybenzyloxy)aniline (prepared according to the published method: WO 
96/09294) (0.161g, 0.65 mmol) were reacted in 2-propanol (4 ml) for 1.25 
hours, according to Procedure A. The product was obtained as pale cream 
prisms (0.203g, 78%) with m.p. 210-212°C; (Found. C, 55.28; H, 4.00, N, 
9 44. C20H16CIN3O2S.HCI requires: C, 55.31; H, 3.92; N, 9.67%); 6H [ 2 H 6 ]- 
DMSO 11.19 (1H, br s. NH), 8.88 (1H, s, 2-H), 8.48 (1H, d, J 7, 6 H or 7 H) 
7.87 (1H, d, J 5, 2'-H), 7.55-7.62 (2H, m. 6'-H, 4"-H), 7.48 (1H, d. J 7, 6H or 
7H), 7.28-7.40 (2H, m, 5'-H. 6"-H), 7.09 (1 H, d, J 9, 3"-H), 7.00 (1 H, t, J 9, 5"- 
H), 5.22 (2H, s, CH 2 ), 3.85 (3H, s, OCH 3 ). 

Example 25 

4-f3-Chloro-4-(2-fluorobenzvloxv^anilino1thienor3.2-o1Pvrimidine hydrochloride 
4-Chlorothieno[3,2-d]pyrimidine (0.1 03g, 0.60 mmol) and 3-chloro-4-(2-fluoro- 
benzyloxy)aniline (prepared according to the published method: WO 
96/09294) (0.1 97g, 0.78 mmol) were reacted in 2-propanol (4.5ml) for 4.5 
hours, according to Procedure A. The product was obtained as cream prisms 
(0.208g, 82%) with m.p. 231-233'C; (Found: C, 53.39; H, 3.30; N, 9.79. 
Ci 9 H 13 CIFN 3 OS.HCI.H 2 0 requires: C, 53.47; H, 3.42; N, 9.85%); 6H [ 2 H 6 ]- 
DMSO 8.88 (1H, s, 2-H), 8.47 (1H, d, J 7. 6 H or 7 H) 7.88 (1H, d. J 5, 2'-H), 
7.55-7.68 (3H, m), 7.33-7.49 (2H. m), 7.20-7.30 (2H, m) (6H or 7H, 5'-H, 6 -H, 
3"-H, 4"-H, 5"-H, 6"-H), 5.29 (2H, s, CH 2 ); m/z 385 (M+1+). 

Example 26 

4-f4-(2-Bromobenzvloxv)-3-chloroanilino1thienof3.2-d1pyrimidine 
hydrochloride 

4-Chlorothieno[3,2-cf]pyrimidine (0.1 03g, 0.60 mmol) and 4-(2- 
fluorobenzyloxy)-3-chloroaniline (prepared according to the published 
method: WO 96/09294) (0.234g, 0.75 mmol) were reacted in 2-propanol (5ml) 
according to Procedure A. The product was obtained as pale cream prisms 
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(0.256g, 88%) with m.p. 247-248'C (Found C 47 m u 
C, 9 H 13 BrCIN30S.HCI requires: C 47 23 H 2 1> * ' ^ K9 03 

"■2B dH, or s, N-H), 8.88 (1H , s, 2 H) 8 49 H d , Ti' f [HH)MS0 
OH. d, J 5, 2'-H), 7.57-7 75 (AH m 7 ^ 7 Z ' ' or 7 H) 7.89 

or 7H, 5, Hl 6 , H , 3"-H, 4,H S^^ s ^^ ^ C2H, m) (6H 

v. - z» ^m, s, CHj); m/2 447 (M+). 

Examola 77 

minutes according to Procedure A Th. . 2 " propano1 < 3 ""> '°r75 
Pnsms,0.2,1 fl , 82%,*,,^ 207- 2 n^^r rt 7 S e ° b,ained " 
CH^N^S HCI requires C 58 SS H a «o ' ^ H " 4 76; N ' 9 53 

(IK s. 2 -H, 6.41 (1 H. n! 6 H« 7 H, 7 55 5^™!**°"°° ^ 
OK d. j 9, 6'-H), 7 34 (1H tj 8 4' L , Iff ' ' J 7 ' 6 " H ° r 7 - H >. 7 •« 
5 '-H. 3"-H, 6 -- H l 6 9e ™ ^7 ^ 20 < 3H ' - 

3H. 2 x s. 2 x OCH,); m/z 393 <M+). 3 83 3M 3 79 < 2 * 

Exam ple ?ft 

a^nzvianitinn^p ? ^ r . |T| . n , 

4-Ch l oroth,enoM.^jp yr , mi d i ne 0.060a 0 35 mmoll L. 4 ■ 

-ethane (commercial available I^k T^^^T^ 

reacted in 2-propanol (5 ml) for ™ „• . ^ ^ mmo1 wer « 

white solid ob^ ^ 4T b rT; din9, ° PrOCedUreA The 
hydrochloride (0.070a 56%, To ^^"'''"^^"^^^imidine 

[ H«J-DMSO 11.05 (1H, br s'nH)J&81 (1H s 2 H 843^ ^ , 1, - 8,%): S " 
H). 7.60-7.52 (3H. m, (6-H or 7-H, 2'-H 6 ^7 35 7 ? n 1 ' ' * ^ " ? " 
2"-H. 3-4*. 5"-H. 6- -H,. 7.19 ,1H. t. J 6. 4» H) 3 95 »H . cm ? ^ 
(100. M-1-,; n max (KBr d,sc,Wl 2570 , 18 0 ^ <^™> 31 * 
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Example 29 

4-(4-Phenoxvanilino)thieno[3,2-cn p Yrimidine hydrochloride 
4-Chlorothieno[3,2-d]pyrimidine (0.085g, 0.50 mmol) and 4-phenoxyanilme 
(0.1 05g, 0.55 mmol) were reacted in 2-propanol (3.5 mi) for 3 hours according 
to Procedure A. The product was obtained as a cream solid (0.1 30g, 73%), 
m.p. 236-240°C; (Found: C, 60.61; H, 3.95, N, 11.93. Ci 8 H 13 N 3 OS HCI 
requires: C, 60.76; H.3.97; N, 11.81%); 5H [ 2 H 6 ]-DMSO 10.93 (1H, br s, NH), 
8.80 (1H, s, 2-H), 8.42 (1H, d, J 8, 6-H or 7-H), 7.69 (2H, d, J 9, 2'-H, 6-H), 
7.55 (1H, d, J 8, 6-H or 7-H), 7 41 (2H, t, J 9, 3"-H, 5"-H), 7.18 (1H, t, J 9, 4"- 
H), 7.04-7.15 (4H ( m, 3'-H, 5'-H, 2 M -H, 6"-H); m/z (%) 318 (100, M-1*). 

Example 30 

4-(4-(a,a-Difluorobenzvloxy)anilino)thienor3,2-cnpvrimidine hydrochloride 
A mixture of 1,3 dibromo-5,5-dimethylhydantoin (11. 5g, 40.2 mmol), a,a- 
difluorotoluene (prepared by the published method of W. J. Middleton, J. Org. 
Chem. t 1975, 40, p574) (7.0g, 55 mmol) and AIBN (0.25g) in CCU (300ml) 
was heated at reflux for 10 h while being irradiated (tungsten filament lamp, 
500W). The mixture was then diluted with petrol and the remaining precipitate 
removed by filtration. The filtrate was then evaporated and the resulting oil 
chromatographed (silica, petrol) to give a-bromo-a, a-difluorotoluene (5.5g, 
50%) as a colourless oil; 5H [ 2 H 6 ]-DMSO 7.68 (2H, d, J 8, 2-H, 6-H), 7.62-7 55 
(3H, m, 3-H, 4-H, 5-H); dC [ 2 H 3 ]-CDCI 3 138.3 (triplet, J 23, 1-C). 131.2 (4-C), 
128.6 (3-C and 5-C), 124.3 (2-C and 6-C), 118.6 (triplet, J 300, CBrF 2 ). This 
13 C data agrees with that published by A. Haas et a/., Chem Ser. t 1988, 121, 
p1329. 

4-Nitrophenol (16.6g, 0.1 19 mol) was added to a stirred solution of potassium 
hydroxide (7.0g ( 0.13 g) in absolute ethanol (50ml) and the mixture was 
heated at reflux for 30 min. Diethyl ether was then added to this yellow 
mixture and the resulting yellow precipitate collected by filtration to give 
potassium 4-nitrophenoxide (19.5g, 93%) as a bright yellow solid, which was 
used directly in the next step. 

A stirred mixture of potassium 4-nitrophenoxide (5.47g, 31 mmol) and a-bromo- 
a, a-difluorotoluene (3.2g, 15 mmol) in dry DMF (30 ml) under N 2 was heated 
at 78-80°C for 8 h. The mixture was then concentrated in vacuo to remove 
most of the DMF, and the residue was partitioned between aq. sat sodium 
bicarbonate (30ml) and dichloromethane. The organic layer was separated 
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and the water layer further extracted with dichloromethane (2 x 50ml) The 

3'-H, 4'-H. 5'-H>; m/z (%, 265 (39. M+) . 246 (44), ^7 (100, ' ' 

A solution of 4-(a,a-difluorobenzyloxy,nilroben2ene (0.65g 2 5 mmol) in » 

r7a,l e,hy ' "?* (25ml, ** ~°' (25ml > e to 

10 * pa«ad,um on charcoal <50m g ,. The resulting suspension was stirred m 

Tk 3 ", SPhe ' e °' hydr ° 9Sn the reacti °" — con, Z 

nd.cated by „c and calculated uptaKe of hydrogen, the suspenstn Z 

tared through a pad of hyflo and the filtrate evaporated to dryness . give 4 

(a.a-d rf ,uoroben Z y,oxy,aniline (0.58b. 98%, as an off-white solid 8H Z , 

DMSO 7.75 (2H. d. J 7, 2-H. 6-H). 7.62 <3H, m, 3'-H. 4'-H 5'-H^ 7 0CK2H d" 

« R (2K d J 7 3 " ^ 510 * * 

minutes according to Procedure A, The white solid obtained wl 4^ a 
difuorobenzyloxyjanilinojlhienop^^pyrimidine hydrochloride (0 053g 
C ^tr <d ^ < Foun * C . 56.57; H. 3.47, N. 10.42 

1125 (1H. br s, NH>. 8.88 (1H. s, 2-H), 8.50 (1H. d. J 5 6-H or 7-H) 7 80 

ZT™ 2 "" H ' 6 "' Hl: 7 67 - 7 55 w m - 3 "- H ' ^ ! -h -I ; 

° f 7 - H)) ' 7 40 < 2H ' J 9 . 3'-H. 5'-H); m/z <%) 369 (60. W) 242 (100) 
nmax (KBr discj/cm-1 2550. 1630. 1591. 1504. 1468, 1321. 

Example 31 

4-f4-(2-ThienylmethoxY)anilinn1thienof3 7-rfWi m idlne hvrtmrhl „, iH . 
4-Chlorothieno(3,2^]pyrimidine. (0.102g, 0.60 mmol) and 4.(2 
th,enylmethoxy)-aniline (prepared according to the published method WO 
96/09294, (0.135g. 0.66 mmol) were reacted in 2-propanol (5 ml) for 2 hours 

,o7 3 rV,l? ocedure A - The product was oblained as a «*J 

(0.138g, 61%, with m.p. 181-182-C; (Found: C. 53.64; H, 3 6V N 11 04 
CHnN.OS, HCI.0.25H,O requires: C, 53.68; H, 3.84; N, 11.05%); 5H |U]- 



WO 97/13771 



37 



PCT7EP96/04399 



DMSO 11.28 (1H, br s, NH), 8.75 (1H, s, 2-H), 8.45 (1H, d, J 7, 6 H or 7 H) 
7.45-7.68 (4H, m, 6H or 7H, 2'-H, 6'-H, 5"-H), 6.95-7.28 (4H, m, 3'-H, 5'-H, 3"- 

H, 4"-H), 5.32 (2H, s ( CH 2 ); m/z 339 (M+). 

Example 32 

4-(4-Cvclohexvlmethoxvanilino)thienof3.2-cnDv n midine hydrochloride 
4-Chlorothieno[3,2-d]pyrimidine (0 171g, 1.00 mmol) and 4- 
cyclohexylmethoxy-aniline (prepared according to the published method: WO 
96/09294) (0.205g, 1.00 mmol) were reacted in 2-propanol (5 ml) for 5 hours, 
according to Procedure A. The product was obtained as cream prisms 
(0.255g, 68%) with m.p. 232-233°C; (Found: C, 60.65; H, 5.68; N, 11.25. 
C 19 H 21 N 3 OS.HCI requires: C f 60.71; H, 5.90; N, 11.23%); 5H [ 2 H 6 ]-DfVISO 
11.11 (1H, br s, NH), 8.71 (1 H t s, 2-H), 8.41 (1H, d t J 7, 6 H or 7 H) 7.44-7.58 
(3H, m, 6H or 7H, 2'-H, 6'-H), 7.03 (2H, d t J 9, 3'-H. S'-H), 3.84 (2H, s, CH 2 ), 

I. 58-1.90 (6H, m) and 0.98-1.33 (5H, m) (cyclohexyl-H n ); m/z 339 (M+). 

Example 33 

7-Methvl-4-(4-phenoxvanilino)thienor3.2-cnpvrimidine hydrochloride 
4-Chloro-7-methylthieno[3,2-cflpyrimidine (commercially available from 
Maybridge Chemical Co. Ltd.) (0.1 85g, 1.00 mmol) and 4-phenoxyaniline 
(0.210g, 1.1 mmol) were reacted in 2-propanol (5 ml) for 2 hours according to 
Procedure A. The product was obtained as a yellow solid (0.294g, 80%), m.p. 
243-245°C; (Found: C, 61.46; H, 4.27, N, 11.32. Ci 9 H 15 N 3 OS.HCI requires: C, 
61.70; H, 4.36; N, 11.36%); 6H [ 2 H 6 ]-DMSO 10.85 (1H, br s, NH), 8.78 (1H, s, 
2-H), 8.05 (1H, 2, 6-H), 7.69 (2H, d. J 9, 2'-H, 6'-H), 7.42 (2H, t, J 9, 3"-H, 5"- 
H), 7.00-7.20 (5H, m, 3'-H, S'-H, 2"-H, 4"-H, 6 M -H), 2.43 (3H, s, 7-CH 3 ); m/z 
(%) 333 (WT). 

Example 34 

4-(4-Benzvloxv-3-trifruoromethvlanilino)-7-methylthienor3,2-cnpyrfmidine 
hydrochloride 

4-Chloro-7-methylthieno[3,2-cy]pyrimidine (0.1 11g, 0.60 mmol) and 4- 
benzyloxy-3-trifluoromethylaniline (prepared according to the published 
method: WO 96/09294) (0.194g f 0.78 mmol) were reacted in 2-propanol (4.5 
ml) for 4 hours according to Procedure A. The product was obtained as a 
pale pink solid (0.257g, 95%), m.p. 2i9-220°C; (Found: C, 56.30; H, 4.91 , N, 
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8 21. C 21 H 16 F 3 N 3 OS.HCI.iPrOH requires C s« -an- u „ 

('H.J-CMSO 1, ,2(,H. brs , NH), 8.81 (1H s 2 H, 8 , 2 1 ' ^ ™ 

<1H 4 J 2. 2'-H>, «7 (1H . dd. J 9,2 6-H) 7 2^ 49 , 6 H Vt"'' 8 

105 (6H, d. J 6. C(CH S)! of iPrOH); mft (%, 415 (fcT). ^ 
Examp le 

^ (U.i64g, 0.65 mmol) were reacted in 2-propanol (3 5mn fnr ^ 
Example 3fi 

To 33^17^ accordin9 ,o ,he putiished ~ w ° ™ 

o ProLl A T7 " 2 - Pr0Pan ° l <3 ' 5 ml > for 8 h °" s 

HC.0.2SH3O r8q L S : C. eLo H 622 N 10 65 J ^h'^ 
DMSO 8.48 „H. or s, NH), 8.39 (1H. , 2-H,, 7.50 (2H d J 9 2 H 6 H, '7 3 " 
d H. s. 6-H). 6.97 (2H. d. J 9. 3'-H. S'-H), 3.81 (2H d J 8 CH 2 B » ' 
1,0-1.88 ( 6H. „„ and 0.98-1 45 <*? ^i^^Z^ 
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Example 37 

5-Methyl-4-(4-phenoxyanilino)thienof2,3-cnpyrimidine hydrochloride 
4-Chloro-5-methylthieno[2,3-cQpynrriidine (0.1 85g, 1.00 mmol) and 4-phenoxy- 
aniline (0.21 Og, 1.1 mmol) were reacted in 2-propanol (6 ml) for 17 hours 
according to Procedure A. The product was obtained as a pale grey solid 
(0.297g, 80%), m.p. 218-221°C; (Found: C. 61.61; H, 4.33, N, 11.25 
Ci 9 H 15 N 3 OS.HCI requires: C, 61.70; H, 4,36; N, 11.36%); 5H [ 2 H 6 J-DMSO 8.60 
(1H, br s, NH), 8.49 (1H, s, 2-H), 7.68 (2H, d, J 9, 2*-H, ff-H), 7 33-7 48 (3H, 
m, 6-H, 3"-H, 5 n -H), 7.17 (1H ( t, J 9, 4"-H), 7.00-7 10 (4H, m, 3*-H, 5*-H, 2"-H, 
6"-H), 2.75 (3H, s t 5-CH 3 ); m/z 333 (M*). 

Example 38 

4-(4-Phenoxvanilino)-5-(2-thienvnthienof2,3-c/lPvrimidine hydrochloride 
4-Chloro-5-(2-thienyl)thieno[2,3-d]pyrimidine (commercially available from 
Maybridge Chemical Co. Ltd.) (0.1 26g, 0.50 mmol) and 4-phenoxyaniline 
(0.11 Sg, 0.63 mmol) were reacted in 2-propanol (3 ml) for 6.5 hours according 
to Procedure A. The product was obtained as an off-white powder (0.1 50g, 
71%), m.p. 171-172°C (effervescence); (Found: C ( 62.60; H, 3.60, N. 9 85. 
C22H15N3OS2.O.67HCI requires: C, 62.06; H, 3.71; N t 9.87%); SH [ 2 H 6 ]-DMSO 
8.58 (1H,s), 7.79-7.85 (2H.ni), 7.29-7.56 (7H,m), 6.93-7.13 (5H,m); m/z 401 
(M+). 

Example 39 

4-(4-Benzvloxy-3-chioroanilino)-6-(/V,A/-dimethvlamino)pyhdof3,4-c/lpvrimidine 
hydrochloride. 

Prepared according to Procedure A from 4-chloro-6-(/V,/V-dimethylamino)- 
pyrido[3 ( 4-d]pyrimidine and 4-benzyloxy-3-chloroaniline (prepared according 
to the published method: WO96/09294); tic (dichloromethane: ethanol: aq 
ammonia, 100:8:1) Rf 0.48; m/z (M + 1)* 406. 
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Example 40 

6-(/VA.DimethylaminoH. f 4.f1^ 
cflpvrimidi ne hvdrochinririo 

Prepared according to Procedure A from ^-chloro^A/.^dimethylam.no)- 
pyndora^pyhmidine and (4-aminopheny.)-pheny.acetonitrile (commercially 
ava.lab.e from Salor); tic (dichlorornethane:ethanol:aq.ammonia 100 8 1) Rf 
0.43; m/z(M + 1)* 381. 



Example 41 

olovrimid ine hvdrochlnrirto 
Prepared according to Procedure A from 4-chloro^-(A/ > A/-dimethylamino)- 
pyr,do[3.4-alpyr,midine and 1 -(4-aminopheny«)-2-phenylethan-1 2-dione 
(commercially availab.e from Sa.or); tic (dich.oromethane: ethanol 
aq. ammonia, 100:8:1) Rf 0.44; m/z (M + 1)* 398. 

Example 4? 
hydrochloride 

4-(2-Pyridylmethoxy)aniline was prepared from 4-nitrophenol (Aldrich) and 2- 
P-colyl chloride hydrochloride (Aldrich) according to Procedure D. This was 
reacted with 4-chloro-6-(/V.A/-dimethylamino)pyrido[3,4-d]pyrimidine according 
to Procedure A to give the product; tic (dichloromethane.ethanol:aq.ammonia 
100:8:1) Rf 0.37; m/z (M + 1 )* 373. 



/rimidine 



Example 43 

6-(A/.A/-Dimethvlamino )-4-r4-r2-flunrobenzvlo> 
hydrochloride 

4-(2-Fluorobenzyloxy)aniline was prepared from 4-nitrophenol (Aldrich) and 2- 
fluorobenzylbromide (Aldrich) according to Procedure D. This was reacted 
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with 4-chloro^-(A/ 1 A/Hdimethylamino)pyrido[3 t 4-d]pyrimidine according to 
Procedure A to give the product; tic (dichloromethane:ethanol:aq ammonia, 
100:8:1) Rf 0.48; m/z (M + 1 )* 390. 

Example 44 

6-fA/.A/-DimethvlaminoM-f4-f3-fluorobenzvloxv)anilinolDvridof3.4-cnpvrimidine 
hydrochloride. 

4-{3-Fluorobenzyloxy)aniline was prepared from 4-nitrophenol (Aldrich) and 3- 
fluorobenzylbromide (Aldrich) according to Procedure D. This was reacted with 
4-chloro-6-(A/,A/-dimethylamino)pyrido[3,4-c/]pyrimidine according to Procedure A 
to give the product; tic (dichloromethane:ethanol:aq. ammonia, 100:8:1) Rf 0.48; 
m/z(M + 1)* 390. 

Examples 45 to 49 

The following compounds are prepared by analogous techniques using the 
appropriate starting materials: 

4-(4-Phenylsulphonylanilino)-6-(1-methylimidazol-2-yl)-pyrido[3 f 4- 
d]pyrimidine; 

4-(4-Benzyloxyanilino)-7-dimethylamino-pyrido[4 l 3-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(2-imidazolyl)-pyrido[3 l 4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(5-carboxyfuran-2-yl)-pyrido[3 ) 4-d]pyrimidine 
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Biological Data 

Compounds of the present invention were tested for protein tyrosine kinase 
inhibitory activity in a substrate phosphorylation assay and a cell proliferation 
assay. 

The substrate phosphorylation assay uses a baculovirus expressed, recombinant 
construct of the intracellular domain of c-erbB-2 that is constitutively active. The 
method measures the ability of the isolated enzyme to catalyse the transfer of 
33 P-labelled y-phosphate from ATP onto tyrosine residues in a synthetic peptide 
The enzyme is incubated for 1 hour, at room temperature, with 100uM ATP, 
10mM MnCl2. 1mg/ml PolyGluAlaTyr (6:3:1) and test compound (diluted from a 
5mM stock in DMSO, final DMSO concentration is 2%) in 40mM HEPES buffer, 
pH 7.4. The reaction is stopped by the addition of EDTA (final concentration 
0.1M) and the peptide is then precipitated onto ion exchange filter paper and the 
incorporated radioactivity determined. The results are shown in the first column of 
Table 1 below as the IC50 values in nM. 

The cell proliferation assay uses an immortalised human breast epithelial cell line 
(HB4a) which has been transformed by over-expression of c-erbB-2. Growth of 
these cells in low serum is dependent upon the c-erbB-2 tyrosine kinase activity. 
The specificity of the effect of the test compounds on tyrosine kinase dependent 
growth over general toxicity is assessed by comparison to an HB4a cell line 
which has been transfected with ras. Cells are plated at 3000/well in 96-well 
plates in 0.1 ml medium and allowed to attach overnight, test compound is added 
in 0.1 ml medium, with a final concentration of 0.5% DMSO, and the plates 
incubated for 4 days at 37°C. The cells are then examined microscopically for 
evidence of morphological detransformation and cell mass is estimated by 
staining with methylene blue and measuring the absorbance at 620nm. The 
results are shown in the second and third columns of Table 1 below as the IC50 
values in nM. 
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Table 1 



Compound of 
Example 


erbB-2 Substrate 
Phosphorylation 


HB4a erbB-2 Cell 
Proliferation 


HB4a ras Cell 
Proliferation 


1 


58 


2700 


17000 


2 


26 


690 


3700 


3 


115 


11000 


44000 


4 


124 


2500 


11000 


5 


14 


500 


11000 


7 


1.3 


300 


>50000 


8 


20 


590 


7500 


11 


920 


10000 


37000 


12 


24 


1600 


31000 


14 


900 


15000 


50000 


15 


30 


570 


32000 


16 


50 


2400 


6600 


17 


200 


4400 


10000 


18 


5 


150 


28000 


20 


10 


2400 


46000 


23 


300 


2000 


5000 


24 


50 


10000 


18000 


25 


150 


500 


3000 


26 


230 


2500 


30000 


28 


200 


3000 


13000 


29 


no 


5000 


20000 


30 


860 


6000 


15000 


35 


99 


8000 


25000 


36 


500 


10000 


10000 


37 


650 


17000 


25000 


38 


490 


20000 


20000 
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(A) 

or a pharmaceutical^ acceptable salt thereof, 
or a pharmaceutically acceptable salt thereof, 
wherein X is N or CH; 
wherein 



X5 



represents a fused 5. 6 or 7-membered heterocyclic ring containing 1 to 5 
heteroatoms which may be the same or different and which are selected from N 
O or S(0) m , wherein m is 0, 1 or 2. the heterocyclic ring containing a total of 1 2 
or 3 double bonds inclusive of the bond in the pyridine or pyrimidine ring, with the 
prov.sos that the heterocyclic ring does not form part of a purine and that the 
fused heterocyclic ring does not contain two adjacent O or S(0) m atoms; 

Y is a group W(CH 2 ). (CH 2 )W, or W. in which W is O, S(0) m , or NR a wherein m 
is as defined above and Ra is hydrogen or a alkyl group; 

each R 1 independently represents a 5- or 6-membered heterocyclic ring 
containing 1 to 4 heteroatoms selected from N, 0 or S(0) m . wherein m is as 
defined above, with the proviso that the ring does not contain two adjacent O or 
S(0) m atoms, optionally substituted by one or more groups independently 
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selected from hydroxy, halogen, trifluoromethyl, trifluoromethoxy, nitro, ammo, 
cyano, C-)^ alkyl, C1.4 alkoxy, Ci_4 alkylthio, C1.4 alkyl carbonyl, formyl, 
carboxy, C-|_4 alkoxy carbonyl, carboxamide, C-)_4 alkylamino carbonyl, (C-|_4 
alkyl)amino. di-(C-|-4 alkyl)amino; or 

each R 1 is independently selected from the group comprising amino, hydrogen, 
nalogen, hydroxy, nitro, formyl, carboxy, trifluoromethyl, trifluoromethoxy, 
carbamoyl, ureido, C-|_8 alkyl, C-|_8 alkoxy, C3_s cycloalkoxyl, C4.8 
alkylcycloalkoxy, C-j.8 alkoxycarbonyl, N-C^ alkylcarbamoyl, N,N-di-[C<|_4 
alkyl]carbamoyl, hydroxyamino, C<|_4 alkoxyamino, C2-4 alkanoyloxyamino, C-| _4 
alkylamino, di[Ci_4 alkyljamino, pyrrolidin-1-yl, piperidino, morpholino, 
thiomorpholino, thiomorpholino-1 ,1 -dioxide, piperazin-1-yl, 4-C-|_4 alkylpiperazin- 
1-yl. c 1-8 alkylthio. arylthio, C<|_4 alkylsulphinyl. arylsulphinyl, C1.4 
alkylsulphonyl, arylsulphonyl, halogeno-Ci_4 alkyl, hydroxy-Ci_4 alkyl. C2-4 
alkanoyloxy-Ci_4 alkyl, alkoxy-C^ alkyl. carboxy-C-j-4 alkyl, 

alkoxycarbonyl-Ci«4-alkyl, amino-C-j^ alkyl, C-j_4 alkylamino-Ci_4 alkyl, di-[Ci. 
4 alkyl]amino-Ci_4 alkyl, [di-Ci_4 alkyl]amino-C<|-4 alkylene-(C<|_4 alkyDamino, 
C-| «4alkylamino-Ci «4alkylene-(C-| _4alkyl)amino, hydroxy-Ci _4alkylene-(C 1 . 
4alkyl)amino, piperidino-Ci^alkyl, morpholino-C-)«4 alkyl, thiomorpholino-Ci_4 
alkyl, thiomorpholino-1, 1-dioxide-Ci -4 alkyl. piperazin-1-yl-Ci«4 alkyl. C1.4 
alkylthio-Ct^4 alkyl, phenoxy-Ci-4 alkyl. anilino-C<|«4 alkyl. phenylthio-C^ alkyl. 
cyano-C-i-4 alkyl, halogeno-C2-4 alkoxy, hydroxy-C2-4 alkoxy, C2-4 alkanoyloxy- 
C2-4 alkoxy. C-^ alkoxy-C2-4 alkoxy, carbamoyl-Ci-4 alkoxy, amino-C2-4 
alkoxy, alkylamino-C2-4 alkoxy, di-[C-j_4 alkyl]amino-C2-4 alkoxy, phenyl- 

C-|_4 alkoxy, phenoxy-C2-4 alkoxy, anilino-C2-4 alkoxy, phenylthio-C2-4 alkoxy, 
piperidino-C2-4 alkoxy, morpholino-C2-4 alkoxy, thiomorpholino-C2-4 alkoxy, 
thiomorpholino-1, 1-dioxide-C2-4 alkoxy, piperazin-1 -yl-C2-4 alkoxy, halogeno- 
C2-4 alkylamino, hydroxy-C2-4 alkylamino, C2-4 alkanoyloxy-C2-4 alkylamino, 
C-|_4 alkoxy-C2-4 alkylamino, phenyl-C-|_4 alkylamino, phenoxy-C2-4 alkylamino, 
anilino-C2-4 alkylamino, phenylthio-C2-4 alkylamino, C2-4 aikanoylamino, C-|_4 
alkoxycarbonylamino, C1-4 alkylsulphonylamino. benzamido, 

benzenesulphonamido, 3-phenylureido, 2-oxopyrrolidin-1-yl, 2,5-dioxopyrrolidin- 
1-yl, halogeno-C2-4 aikanoylamino, hydroxy-C2-4 aikanoylamino. Ci_4 alkoxy- 
C2-4 aikanoylamino, and carboxy-C2-4 aikanoylamino, and wherein said 
benzamido or benzenesulphonamido substitutent or any anilino, phenoxy or 
phenyl group on a R 1 substituent may optionally bear one or two halogeno, C1.4 
alkyl or C 1 .4 alkoxy substituents; 
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and I is 0 to 3; 



r;:^ rzxtr ps ,09e,her ,om an w 

Z " j ° ined '° R ' ,hr ° U9h 3 (CH 2»P " which p is 
Jl'" 2 * re P resenls a 9™P V(CH 2 ), V(CF 2 ). (CH 2 ,V, <CF 2 )V V(CRR • ) 
V(CHR) or V where R and R. a re each c M alky! ana in which V is a hydro^yi 
group containing 0.1 or 2 carbon atoms, carbony!, dicarbonyl CHfOH) CH^ 

amide ' °- S(0,m or NRb Rb is ^ ° 

subbed 567 r 9 ° P 'r" y SUbS ' i,U,ed C " CyC,Mlkyl - optional 
subs Muted 5, 6. 7, 8. 9 or 1 O-membered carbocyclic or heterocyclic moiety 

or R ,s a group ZR« in which Z i, NR 6 , and N R» and R together Lm an 

op,,ona,,y substituted 5. 6. 7. 8. 9 or 10-membered carbocydic or haterZ" 

altimlo c" 4 ' , I? ^ C " alkWamin0 ' di -' C ^ *"<")amino 

I k 1-4 alkylsul P h,n >"' c 1-l alkylsulphonyl, alkylcarbony, C 1 

n ^7 dH °r a ' ky " Carbam ° yl ' Carbamy '' C^1*oxyoarbon y rcyano 
nitro and tnfluoromethyl, and n is 1 ,2 or 3. 

2. A compound of formula (A) as claimed in claim 1 or a salt thereof, wherein 




is selected from the group comprising: 
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3. A compound of formula (A) as claimed in claim 1 or 2 or a salt thereof, 
wherein 



and I = 1 or 2. 

4. A compound as claimed in any one of claims 1 to 3 t wherein X is N and Y 
is NR b , R b representing hydrogen or methyl. 

5. A compound as claimed in any one of claims 1 to 4, wherein R is selected 
from the group comprising phenyl, furan, thiophene, pyrrole, oxazole, isoxazole, 
thiazole, isothiazole, imidazole, pyrazole and piperazine or a hydrogenated 
derivative of any of the aforementioned and is optionally substituted by one or 
more groups selected from hydroxy, halogen, trifluoromethyl, trifluoromethoxy, 
nitro, amino, cyano, C<\^ alkyl, C-j _4 alkoxy, C1-4 alkylcarbonyl , C-|^ 
alkoxycarbonyl, formyl or carboxy; 

or R 1 is independently selected from the group comprising amino, hydrogen, 
halogen, hydroxy, nitro, C-j^e a 'W. C1-8 alkoxy, benzyloxy, morpholino, 
thiomorpholino, thiomorpholino-1,1 -dioxide, pyrrolidino, piperidino, C1.8 alkylthto, 
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Cls alkylsulph.nyl. Cl _ 8 a.ky.su.phonyl, alkylam.no, Cl ^ dia.kylamino [d,- 
a am ,no-C M alkylene-(C^ alkyOam.no, C^a.ky.amino-C^a.ky.ene- 
(C^alkyOam.no or hydroxy-C^alkylene^C^alkyDamino 

6 A compound as claimed in any one of the preceding claims, where.n R 1 is 
selected from the group comprising phenyl, furan. pyrazo.e, imidazole and 
p.peraz.ne, optionally substituted by one or more groups selected from 
alky., formyl, carboxy or a.koxycarbony.; or R 1 is independently selected 
from the group comprising hydrogen, halogen. alkyl, benzy.oxy 
h.omorpholino, thiomorpholino-1,1-d,oxide. a.ky.amino, dia.kylamino 
i^C^ a.ky.Jamino-C^ a.ky.ene-fC^ alkyl)amino. C^a.ky.amino-C^ 
alkylene^C^alkylJamino or hydroxy-^ ^alkylene-fC^alkyOamino. 

7 A compound as claimed in any one of the preceding claims, wherein R 2 is 
hydrogen. alkyl. C w alkoxy or halogen, preferably hydrogen or methyl 
more preferably hydrogen. ' 

8. A compound as claimed in any one of the preceding claims, wherein R4 is 
an opt.onally substituted 5 or 6-membered carbocyclic or heterocyclic moiety 
preferably an optionally substituted phenyl, dioxolanyl. thienyl. cyclohexyl or 
Pyndyl group. 

9. A compound as claimed in claim 8. wherein the optional substituents for 
the carbocyclic or heterocyclic moiety are selected from the group comprising 
hydroxy, halogen, trifluoromethyl. trifluoromethoxy, nitro. amino cyano Ci . 
alkyl, alkoxy. alkylthio, alkylcarbonyl. carboxylate and Ci^ 
alkoxycarboxyl. 1 

10. A compound as claimed in any one of the preceding claims wherein Z is 
oxygen. CH 2 , NR D . NR°(CH 2 ). (CH 2 )NRb 0 (CH 2 ). (CH 2 )CN. 0(CF 2 ), (CH 2 )0 
(CF 2 )0. S(CH 2 ), S(0) m , carbonyl or dicarbonyl, preferably oxygen, dicarbonyl 
OCH 2l CH 2 (CN), S(0) m or NR b , wherein R& j S hydrogen or C 1-4 alkyl. 

11. A compound as claimed in any one of the preceding claims wherein R3 is 
selected from the group comprising benzyl, phenyl, pyridyl. pyridylmethyl 
pyhdyloxy. pyridylmethoxy. thienylmethoxy, dioxolanylmethoxy 
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cyclohexytmethoxy, phenoxy, phenylthio, benzyloxy, halo-, dihalo- and 
trihalobenzyloxy, C<<^ alkoxybenzyloxy, phenyloxalyl or phenylsulphonyl. 

12. A compound as claimed in any one of the preceding claims wherein R 5 is 
hydrogen, hydroxy, halogen, alkyl, alkoxy, di-fC^ alkyljamino, nitro 
or trifluoromethyl, preferably hydrogen, halogen, trifluoromethyl or methyl, more 
preferably hydrogen 

13. A compound as claimed in claim 1 selected from the group comprising: 
4-(4-Benzyloxyanilino)-6-ch!oropyrido[3 l 4-cy]pyrimidine; 
4-(4-Benzyloxyanilino)^-(A/-methylimidazol-5-yl)pyrido[3,4-d]pyrimidine; 
4-(4-Benzytoxyanilino)-6-(A/-methylimidazol-2-yl)pyrido[3,4-cQpyrimidine; 
4-(4-Benzyloxyanilino)^-(A/-methylpyrazol-2-yl)pyrido[3 ( 4-c^pyrimidine^ 
4-{4-Benzyloxyanilino)-6-(furan-2-yl)pyrido[3,4-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6-(5-formylfuran-2-yl) pyrido[3,4-d]pyrimidine; 
4-(4-Benzyloxyanilino)^-(A/ 1 A/^imethylamino)pyrido[3 l 4-d]pyrimidine; 
4-(4-Benzyloxyanilino)^-(1-methylpiperaz^^ 

4.(4-Benzyloxyanilino)^-[(1-Nbutoxycarbonyl)piperazin-4-yl]-pyrido[3,4- 
djpyrimidine; 

4-(4-Benzyloxyanilino)-€-(thiomorpholin-4-yl)-pyrido[3 1 4-d]pyrimidine; 

4- (4-Benzyloxyanilino)-6-(thiomorpholine-1 , 1 -dioxide-4-yl)-pyrido[3,4- 
c/]pyrimidine; 

6-A/ ( A/-Dimethylamino-4-(4-phenoxyanilino)pyrido[3,4-d]pyrimidine; 

6-Chloro-4-(4-phenyithioaniIino)pyrido[3,4-cQpynmidine;. 

6-Chloro-4-(4-phenylsulphonylanilino)pyrido[3 ) 4-d]pyrimidine; 

6-(A/,A/-DimethylaminoM-(4-phenylsulphonylanilino)pyrido[3,4-d]pyrimidine; 

6-(1-Methylpiperazin-4-yl)-4-<4-phenylsulphonylanilino)-pyrido[3 t 4- 

d]pyrimidine; 

6-[A/-Methyl-A/-(2-dimethylaminoethyl)amino]-4-(4-phenylsulphonylani!ino)- 

pyrido[3,4-c/]pyrimidine; 

6^/V-Methyl-A/-(2-hydroxyethyl^^ 

cflpyrimidine; 

5- Chloro^-^l^-dioxolan^-yOmethoxyanilinoJpyridoIS^-cnpynmidine;. 

6- (A/,A/-Dimethylamino)-4-{4-(1,3-dioxolan-2-yl)methoxyanilino]pyrido[3,4- 
djpyrimidine; 

6-Benzyioxy-4-(4-benzyloxyanilino)pyrido[3,4-d]pyrimidine; 
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4-(4-Ben2yloxyanilino)pyrido[2,3-c^]pyrimidine; 
4-(4-Benzyloxyanilino)thieno[3,2-c0pyrimidine; 

4-J3.Chloro^-(2-methox y ben2yloxy)anilino]th,eno[3,2^pyr,m l dine 

4-3-Chloro^-(2-fluorobenzylox y )anilino]thieno[3,2-al P ynmidine 

4-[4-(2-Bromobenzyloxy)-3^hloroanilinoJthieno[3,2-d] P yrimidine 

4-[3^ethox y ^-(2-methoxybenzylox y )anilino]thieno[3,2-cy] P yrimidine 
4-(4-Benzylanilino)thier.o[3,2-d] P yrimidine; 

4-(4-Phenoxyanilino)thieno[3,2<r]pyrimidine; 

4-(4-<a,a-Difluorobenzyloxy)anilino)thieno[3.2-d3pyhmidine, 
4-[4-(2-Thienylmethoxy)anilino]thieno[3.2-<y]pyrimidine; 
4-(4-Cyclohexylmethoxyanilino)thieno[3,2-d] P yrimidine, 
7-MethyM.(4-phenoxyanilino)thieno[3,2-^pyrimidine 

4-(4-Benzyloxy-3-trifiuoromethylanilino)-7.methylthieno[3,2-d]p y rimidine 
4-3-Chloro-4-(2-fluorobenz y lox y )anilino]-5-methylthieno[2,3-^ P yrimidine 

4- (4-C y clohexylmethoxyanilino).5-meth y lthieno[2,3-dJp y rimidine; 

5- Methyl^.(4-phenoxyanilino)thieno[2 1 3-<yipyrimidine; 

4-(4-Phenoxyanilino).5-(2-thjenyl)thieno[2.3-d]pyrim«dine; 

4-(4-Benzyloxy-3-chloroanilino)-€-(/V I A/-dimethylamino)pyridor3 4- 
tf]pyrimidine; 

6- (A/, A/-Dimethylamino)^-(4.[1 -phenyl-1 -cyanomethyl]anilino}-pyridof3 4- 
djpyrimidine; 

6H/V,/V-Dimethylamino)^-[4K1-phenyl-1 ( 2<lioxoethyl-2-yl)anilino]-pyrido[3 4- 
djpyrimidine; ' 

e-fA/./V-DimethylaminoJ^-H^pyridyl^-methoxyJanilinoJ-pyridoIS^- 
c/]pyrimidine; 

6-{/V 1 /V-Dimethylamino)-4-[4-(2.fluorobenzyloxy)anilino]pyrido[3,4- 
cflpyrimidine; 

6-(/V,A/.Dimethylamino)-4-[4-{3-fIuorobenzyloxy)anilino]pyrido[3,4-al P ynmidine 
and salts thereof, particularly pharmaceutically acceptable salts thereof. 

14. A compound as claimed in claim 13 selected from the group comprising 
4-(4-Benzyloxyanilino)-6-(/V-methylimidazol-5-yl)pyrido[3,4-d]pyrimidine- 

4- (4-Benzyloxyanilino)^-(A/,A/-dimethylamino)pyrido[3,4-d]pyrimidine 

5- CA/./V-DimethylaminoH-^^I.S-dioxolan^-yOmethoxyanilinoJpyrido^^- 
d]pyrimidine; 

and salts thereof, particularly pharmaceutically acceptable salts thereof. 
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15. A pharmaceutical formulation comprising one or more compounds of 
formula (A), or pharmaceutical^ acceptable salt(s) thereof, together with one or 
more pharmaceutical^ acceptable carriers, diluents or excipients. 

16. A pharmaceutical formulation as claimed in claim 15 in unit dosage form 
and containing a compound of formula (A) or a pharmaceutical^ acceptable salt 
thereof in an amount from 70 to 700 mg. 

1 7. A process for the preparation of a compound of formula (A), comprising the 
reaction of a compound of formula (B): 



L 




with a compound of the formula C: 

YH 




wherein L is a suitable leaving group and X, Y, l ( n and R 1 to R 5 are as defined in 
claim 1 . 



18. A process as claimed in claim 17 wherein the process also includes the 
step of converting one compound of formula (B) into another compound of 
formula (B) prior to the reaction with the compound of formula (C). 

19. A process as claimed in claim 17 or claim 18 wherein the process also 
includes the step of converting one compound of formula (C) into another 
compound of formula (C) prior to the reaction with the compound of formula (B) 
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20. A process as claimed in any one of claims 17 to 19, the process also 
including the step of converting one compound of formula (A) into another 
compound of formula (A). 

21. A compound of formula (A), or a pharmaceutically acceptable salt thereof, 
for use in therapy 

22. Use of a compound of formula (A), or a pharmaceutically acceptable salt 
thereof, in the manufacture of a medicament for the treatment of a disorder 
mediated by aberrant tyrosine kinase activity. 

23. Use of a compound of formula (A), or a pharmaceutically acceptable salt 
thereof, in the manufacture of a medicament for the treatment of malignant 
tumours. 

24. Use of a compound of formula (A), or a pharmaceutically acceptable salt 
thereof, in the manufacture of a medicament for the treatment of atherosclerosis, 
restenosis or thrombosis. 



25 A method of treatment of a human or animal subject suffering from a 
disorder mediated by aberrant tyrosine kinase activity which comprises 
administering to the human or animal subject an effective amount of a compound 
of formula (A) or a pharmaceutically acceptable salt thereof. 
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